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8:00AM AR1.00001 Gyrokinetic Theory and Simulation of Experiments' GREGORY W. HAMMETT,
Princeton Plasma Physics Laboratory — There has been interesting and important progress recently in the development of 5-dimensional continuum and PIC
gyrokinetic simulations of turbulent transport in tokamaks [1-3]. The mechanisms driving this turbulence will be illustrated with intuitive physical pictures
and visualizations from simulations. This also gives insight into methods to reduce turbulence that are being studied in experiments and simulations. 5-
dimensional plasma turbulence is a very challenging problem, but is becoming feasible because of the exponential growth in computer power and advances in
algorithms and theory. These advances include the gyrokinetic equations themselves (a rigorous expansion of the full equations that average over high-frequency
gyromotion while retaining nonlinearities) and computational techniques such as high-order algorithms, efficient field-aligned coordinates, and implicit methods.
The most comprehensive of these codes treat all transport channels and now include all the effects thought important for realistic calculations of the drift-wave
microturbulence that occurs in the core of tokamaks: fully gyrokinetic ions and electrons, electromagnetic fluctuations, collisions, realistic geometry, ExB shear
stabilization, and finite rho-star effects that can break gyro-Bohm scaling and provide non-local transport. These codes are increasingly being used to compare
with and understand experimental data. Remaining challenges will also be described, including more extensive comparisons (such as with non-steady-state
phenomena and fluctuation measurements), multiscale couplings (such as low-n MHD and turbulence), and the complex edge of fusion devices.
[1] W. Dorland, F. Jenko, M. Kotschenreuther, B.N. Rogers, Phys. Rev. Lett. (2000)
[2] J. Candy, R.E. Waltz, Phys. Rev. Lett. (2003)
[3] Y. Chen, S.E. Parker, B.l. Cohen, A.M. Dimits et al., Nucl. Fus. (2003)

1Supported by US DOE contract DE-AC02-76CH03073.
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9:30AM BI1.00001 Critical gradients and plasma flows in the edge plasma of Alcator C-Mod:
, BRIAN LABOMBARD, MIT Plasma Science and Fusion Center — Recent experiments in both L- and H-mode plasmas on Alcator C-Mod have lead to a
fundamental shift in our views of edge transport physics: transport in the ‘near’ scrape-off-layer (SOL) region may be more appropriately described in terms of a
critical gradient phenomena rather than a diffusive and/or convective transport paradigm. L-mode pressure gradients, normalized by the square of the poloidal
magnetic field strength (i.e., aargp) appear invariant in plasmas with the same normalized collisionality, despite vastly different currents and magnetic fields.
These data suggest that local gradients are pinned to a ‘critical gradient’ condition, which is sensitive to local collisionality — a behavior that connects with
first-principles electromagnetic fluid drift turbulence simulations [1]. H-mode pedestal gradients are found to follow a nearly identical scaling [2]. Thus, the
near SOL, which forms the base of the H-mode pedestal, may play a key role in its creation. Prior to an L-H transition, strong SOL plasma flows are found
to set a flow boundary condition for the confined plasma [3]. With favorable BxV B direction (i.e., BxV B pointed toward active x-point) these flows tend to
spin the plasma in the co-current direction, perhaps reducing the L-H threshold power. Indeed, we find the edge profiles of the L-mode target plasmas to be
fundamentally different, depending on the x-point topology: higher values of aj)rgp are observed for favorable BxV B direction, independent of the direction
of B — supporting evidence that SOL flows play a role in affecting the observed ‘critical gradient’ value.
[1] LaBombard, B., et al., Nucl. Fusion 45 (2005) 1658
[2] Hughes, J.W., et al., Phys. Plasmas 13 (2006) 056103
[3] LaBombard, B., et al., Nucl. Fusion 44 (2004) 1047.

Isupported by U.S. D.o.E. Coop. Agreement DE-FC02-99ER54512

10:00AM BI1.00002 Effect of Island Overlap on ELM Suppression by Resonant Magnetic

Perturbations in DIII-D: , M.E. FENSTERMACHER?, Lawrence Livermore National Laboratory — Recent DIII-D experiments show that the
degree of magnetic island overlap in the plasma edge is a good predictor for suppression of edge-localized modes (ELMs), consistent with theoretical expectations.
For fixed resonant magnetic perturbation (RMP) strength, ELM suppression is obtained over a finite window in the edge safety factor (go5) indicating a resonant
effect. In H-mode plasmas, ELM suppression is obtained over an increasing range of gg5 by either increasing the RMP strength that produces the islands,
or by adding n = 1 perturbations to “fill in" islands across the edge plasma. Large Type-l ELMs are completely suppressed by applying n = 3 RMPs in the
presence of n = 1 error-field correction and small n = 2 and 3 field-error components in plasmas with electron pedestal collisionality of ~0.1 and shape similar
to ITER. In these experiments, the region of island overlap is changed by varying either: 1) the strength of the applied n = 3 RMP, 2) the edge g-profile, 3)
the combination of n = 3 and n = 1 perturbations, or 4) the up-down parity of the applied n = 3 RMP. Each case agrees with theoretical expectations that the
island overlap region width (vacuum fields) needs to be at least several times the width of the pedestal to completely eliminate ELMs. Theory predicts that the
plasma response in rotating plasmas reduces the RMP amplitude from the vacuum level (RMP screening). Experiments to validate this theory have examined
the detailed dependence of ELM suppression on the width of the island overlap region for two different values of edge toroidal rotation. Experimental validation
of theoretical models for ELM suppression represents an important scientific advance that will provide the foundation for designing ELM control systems in
future devices.

ISupported by US DOE under W-7405-ENG-48 and DE-FC02-04ER54698.
2 for the DIII-D Team



10:30AM BI1.00003 Influence of Beta, Shape, and Rotation on the H-mode Pedestal Height

in DIII-D: , AW. LEONARD, General Atomics — Recent experiments on DIII-D aimed at improving our understanding of the H-mode pedestal have
shown that the observed pedestal gradient and pedestal width are sensitive to variations in plasma shape and global 3 but relatively insensitive to plasma
rotation. These dependencies are critical to the extrapolation of present results to ITER due to the sensitivity of fusion performance on pedestal height. Using
single parameter scans to isolate these effects, the pedestal pressure was observed to increase as either plasma shaping or global 3 was increased due to an
increase in the width and the gradient of the pedestal pressure. In both cases, stability analysis indicated that the increased pressure gradient is consistent with
peeling/ballooning theory. Stronger shaping increases the edge stability limit, allowing the pedestal pressure gradient to increase. At the same time, the pedestal
width grows with the increasing pressure gradient until the MHD stability limit is reached and an ELM occurs. In the same manner, increased (3 improves the
edge stability limit through increased Shafranov shift, with the pedestal gradient and width increasing. The increase in pedestal width at higher total pedestal
pressure is correlated with a larger ion gyroradius as suggested by a number of theories. Gyroradius dependence will be examined with respect to previous
results and scaling of the pedestal height to ITER. Increased toroidal rotation was observed to have minimal impact on the pedestal height even though core
energy confinement improved. Increased toroidal rotation does not significantly change the stability limit, resulting in the pedestal width and gradient remaining
unchanged. These results suggest that the improvement in core confinement as rotation increases is independent of pedestal performance.

1Supported by US DOE under DE-FC02-04ER54698.

11:00AM BI1.00004 Progress in ITER-relevant exhaust physics at JET! A RICHARD PITTS, Centre de

Recherches en Physique des Plasmas, EPFL, Association Euratom-Confédération Suisse, 1015 Lausanne, Switzerland — Plasma boundary research during the
2006-2007 campaigns at JET has made advances in several ITER-relevant exhaust physics issues. On the critical question of fuel retention, dedicated gas
balance experiments provide unequivocal evidence for long term retention of 10-20% in both L-mode and ELMing H-mode, in fair agreement with that obtained
from campaign averaged post-mortem analysis. In-situ quartz microbalance (QMB) techniques coupled with visible spectroscopy and modelling show that long
range migration of carbon to remote areas and is a major contributor to this retention. The QMB data also register an ELM induced erosion rate increasing
exponentially with ELM energy. Large Type | ELMs (up to ~1MJ), comparable to the smallest expected in ITER, provoke divertor and X-point radiation in the
range 50-100% of the ELM energy with an in-out asymmetry favouring the inner divertor. This is consistent with the observed trend for the ELM to deposit
more energy on the inboard target for normal field direction and the presence of redeposited layers, which have lower threshold for ablation under high power
fluxes. The magnitude and time variation of these power fluxes can be reproduced quantitatively by new PIC simulations of kinetic transport parallel to the field
in the SOL. The spatial patterns and magnitudes of energy deposition during ELMs have been measured for the first time on JET main chamber wall surfaces
using IR thermography, confirming the presence of field aligned filaments carrying a small fraction of the ELM energy. Meanwhile, the small, convective ELMs
previously found in JET at ITER relevant pedestal collisionalities, have been recovered in the new MarklIHD divertor configuration and a clear threshold in qg5
identified for their occurrence.

1This work was funded in part by the Swiss National Science Foundation.

11:30AM BI1.00005 Divertor Heat Flux Reduction and Detachment in the National Spherical

Torus eXperlment.l , VSEVOLOD SOUKHANOVSKII, Lawrence Livermore National Laboratory — Steady-state handling of the heat flux is a
critical divertor issue for both the International Thermonuclear Experimental Reactor and spherical torus (ST) devices. Because of an inherently compact
divertor, it was thought that ST-based devices might not be able to fully utilize radiative and dissipative divertor techniques based on induced power and
momentum loss. However, initial experiments conducted in the National Spherical Torus Experiment in an open geometry horizontal carbon plate divertor using
0.8 MA 2-6 MW NBI-heated lower single null H-mode plasmas at the lower end of elongations k=1.8-2.4 and triangularities 6=0.45-0.75 demonstrated that high
divertor peak heat fluxes, up to 6-10 MW/ m?, could be reduced by 50-75% using a high-recycling radiative divertor regime with D2 injection. Furthermore,
similar reduction was obtained with a partially detached divertor (PDD) at high D2 injection rates, however, it was accompanied by an X-point MARFE that
quickly led to confinement degradation. Another approach takes advantage of the ST relation between strong shaping and high performance, and utilizes the
poloidal magnetic flux expansion in the divertor region. Up to 60 % reduction in divertor peak heat flux was achieved at similar levels of scrape-off layer power
by varying plasma shaping and thereby increasing the outer strike point (OSP) poloidal flux expansion from 4-6 to 18-22. In recent experiments conducted in
highly-shaped 1.0-1.2 MA 6 MW NBI heated H-mode plasmas with divertor Dy injection at rates up to 1022 s~!, a PDD regime with OSP peak heat flux
0.5-1.5 MW/m? was obtained without noticeable confinement degradation. Calculations based on a two point scrape-off layer model with parameterized power
and momentum losses show that the short parallel connection length at the OSP sets the upper limit on the radiative exhaust channel, and both the impurity
radiation and large momentum sink achievable only at high divertor neutral pressures are required for detachment.

1Supported by US DOE under W-7405-Eng-48.

12:00PM BI1.00006 Dynamics and generation mechanisms of meso-scale structures in tokamak

edge plasmas.l , SERGEI KRASHENINNIKQV, University of California, San Diego — In recent years, it became clear that intermittent convective-like
transport associated with meso-scale coherent structures extended along the magnetic field lines is often dominant in the cross-field transport of tokamaks,
stellarators, and linear devices. Such structures can propagate in a ballistic way toward the wall for the distance of tens of centimeters and can strongly enhance
plasma energy and particle transport and plasma-wall interactions. The apparent examples of such meso-scale structures in the edge and the Scrape-off Layer
(SOL) plasmas are Edge Localized Modes (ELMs) and blobs, and pellet clouds in the core of fusion devices. Significant amount of theoretical and computational
work on the physics of coherent structures has been done to date. It was found that in many cases, an effective gravity (e.g. due to curvature effects in a
tokamak) plays a very important role in the dynamics of the evolution of the structures. It turns out that reduced 2D models with different closures accounting
for the parallel plasma dynamics give tractable and useful approach to understand the main features of meso-scale structures. In particular, the dynamics of the
propagation of ELMs and blobs in the SOL plasma is understood rather well. However, while the origin of ELMs is widely assumed to be due to peeling-ballooning
instabilities, the generation mechanism (-s) of blobs are still dim. Here we review the models of blobs developed so far and present new both analytic and
modeling results describing the mechanisms of the blob generation triggered by sub-critical phenomena related to the ballooning drive.

IWork in part performed under auspices of USDOE by UCSD grants No. DE-FG02-04ER54739.
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9:30AM BI2.00001 Closure of computational fluid models with evolving-background §f

kinetics! , D.C. BARNES, CIPS, University of Colorado — A new method of applying simulation particles to close implicit time-dependent nonlinear
extended-MHD modeling has been formulated, analyzed, and tested. The new method has three important features that will likely prove useful for any evolving-
background §f simulation. First, the fluid equations should be closed with particle information at the momentum-density level to minimize statistical noise from
closure terms. Second, the particle motion is described by a particular velocity that represents dynamics without thermal forces, separating the kinetic dynamics
from the fluid dynamics. With the use of this particular velocity, there exists symmetry between the §f weight evolution equation and the fluid closure. Third, an
optimal prescription for particle shape in velocity space can be derived using Hermite polynomials. The symmetry and optimal shaping together ensure that the
numerical kinetic distortion acquires no low-order moments, analogous to the analytical Chapman-Enskog-like approach. They also lead to a conserved energy
integral for the discrete nonlinear system, and the r.m.s. particle weight is bounded. With this advance in computation, combined particle-fluid simulation of
low-frequency extended-MHD dynamics with majority ion kinetics is now possible. The new method has been implemented for kinetic ion dynamics with fluid
electron modeling in the 2D code IMP2. The method successfully reproduces dynamics where the electric field is perpendicular to the magnetic field, including
kinetic stabilization of the isothermal g-mode in a slab. Extensions to include temperature gradient and arbitrary polarization are described. Co-author: W. D.
Nystrom, Coronado Consulting, Lamy, NM

IWork sponsored by Office of Fusion Energy Sciences.

10:00AM BI2.00002 Fully 3D RWM and Feedback Stabilization Studies for ITER and AUG!

, ERIKA STRUMBERGER, Max-Planck-Institut fuer Plasmaphysik, Garching, Germany — A high S-limit is a necessary condition for a working power plant.
However, instabilities associated with ideal internal and external modes limit the plasma beta. External kink modes of MHD equilibria can be stabilized by a
perfectly conducting wall sufficiently close to the plasma. In case of a real wall with non-zero resistivity the modes become unstable and grow on the resistive
timescale of magnetic field diffusion through the wall. The growth rates of resistive wall modes (RWMs) are typically orders of magnitude smaller than of
kink modes in the no-wall case so that the stabilization of RWMs by an active feedback system becomes feasible. Some axisymmetric approaches already
exist which deal with this problem numerically. Nevertheless, because of experimental needs a realistic external wall has a complex three-dimensional shape.
Usually, it is a multiply-connected structure. Besides the resistive wall also the feedback coils violate the axisymmetry of a tokamak configuration. Therefore,
a three-dimensional, numerical treatment of the feedback stabilization problem is necessary. For this reason, starting from a stellarator code (CAS3D code)
we developed the fully three-dimensional stability code STARWALL, and the feedback optimization code OPTIM. With these codes, we are able to compute
the growth rates of resistive wall modes in the presence of non-axisymmetric, multiply-connected wall structures (i.e. with holes), and to model the active
feedback stabilization of these modes. Analogue to the axisymmetric approaches, the problem is divided into two parts. In the open-loop part, the complete
set of eigenvalues and eigenfunctions of the plasma-resistive-wall system without feedback currents is determined. Then, in the closed-loop part an initial value
problem is formulated for the time evolution of the RWMs and the currents in the feedback coils. The feedback logics controlled by a set of free parameters
specifies the interaction between the feedback currents and the RWMs. After choosing their values, the effectiveness of the feedback can be studied by solving
the characteristic equation of the closed-loop system. The procedure has been implemented numerically (STARWALL code) and applied to resistive wall
configurations for ITER and ASDEX Upgrade. For an optimal choice of the feedback parameters, the OPTIM code has been developed which optimizes the
stability of a truncated closed-loop system under variations of the free parameters.

ITEURATOM Association

10:30AM BI12.00003 Scalable algorithms for 3D extended MHD.!, LuIS CHACON, Los Alamos National Lab —

In the modeling of plasmas with extended MHD (XMHD), the challenge is to resolve long time scales while rendering the whole simulation manageable. In
XMHD, this is particularly difficult because fast (dispersive) waves are supported, resulting in a very stiff set of PDEs. In explicit schemes, such stiffness results
in stringent numerical stability time-step constraints, rendering them inefficient and algorithmically unscalable. In implicit schemes, it yields very ill-conditioned
algebraic systems, which are difficult to invert. In this talk, we present recent theoretical and computational progress that demonstrate a scalable 3D XMHD
solver (i.e., CPU ~ N, with N the number of degrees of freedom). The approach is based on Newton-Krylov methods, which are preconditioned for efficiency.
The preconditioning stage admits suitable approximations without compromising the quality of the overall solution. In this work, we employ optimal (CPU ~ N)
multilevel methods on a parabolized XMHD formulation, which renders the whole algorithm scalable. The (crucial) parabolization step is required to render
XMHD multilevel-friendly. Algebraically, the parabolization step can be interpreted as a Schur factorization of the Jacobian matrix, thereby providing a solid
foundation for the current (and future extensions of the) approach. We will build towards 3D extended MHqEI’El by discussing earlier algorithmic breakthroughs
in 2D reduced MHDA] and 2D Hall MHD ]

1Supported by the Applied Math Research Program, Office of Advanced Scientific Computing, DOE
2L. Chacén, Comput. Phys. Comm., 163 (3), 143-171 (2004)

3L. Chacén et al., 33rd EPS Conf. Plasma Physics, Rome, Italy, 2006

4L. Chacén et al., J. Comput. Phys. 178 (1), 15- 36 (2002)

5L. Chacén et al., J. Comput. Phys., 188 (2), 573-592 (2003)

11:00AM BI2.00004 Nonlinear Hybrid Simulations of Multiple Energetic Particle driven

Alfven Modes in Toroidal Plasmas! , GUOYONG FU, Princeton Plasmas Physics Laboratory — Understanding of nonlinear behavior of
energetic particle-driven instabilities in tokamaks is of fundamental importance for burning plasmas. Here we report recent advances in self-consistent nonlinear
simulations of fast beam ion-driven Alfven modes in NSTX and DIII-D using the extended MHD code M3D [1]. In the hybrid model, the thermal electrons and ions
are treated as an ideal fluid while the energetic species is described by either drift-kinetic equation or gyrokinetic equation. The effects of energetic particles are
coupled to the MHD equations via the stress tensor term in the momentum equation. The hybrid code has been recently applied to study nonlinear dynamics of
fishbone instability [2]. The code was also used to simulate nonlinear evolution of a single beam-driven TAE mode in NSTX. The result showed a weak frequency
chirping about 20% consistent with experimental measurement [3]. In this work, we use the M3D code to simulate beam ion driven Alfven modes in NSTX plas-
mas with multiple unstable Alfven modes. It is found that mode saturation level of each mode can be enhanced significantly by presence of other unstable modes
indicating strong nonlinear interaction between different modes. It is also found that a linearly stable n=2 mode can be nonlinearly driven by an n=1 mode at
significant mode amplitude. These results together with simulation results of beam ion-driven Alfven modes in DIII-D reversed shear plasmas [4] will be presented.
[1] W. Park, E.V. Belova, G.Y. Fu et al., Phy. Plasmas 6, 1796 (1999)

[2] Fu, GY, Park, W, Strauss HR et al. PHYSICS OF PLASMAS 13, 052517 (2006)

[3] Fu GY, Breslau J, Fredrickson E et al. ,Proceedings of 2004 IAEA Fusion Energy Conference, Vilamoura, Portugal, Paper TH/P4-38.

[4] M.A., Van Zeeland, G.J. Kramer, M.E. Austin et al., Phys. Rev. Lett. 97, 135001 (2006).

1This work has been conducted under DOE Contract No. DE-AC02-76-CH3073



11:30AM BI2.00005 Coarse-graining phase-space in delta-f Particle-in-Cell (PIC) simulation®

, YANG CHEN, University of Colorado at Boulder — Particle weights in a §f PIC simulation slowly grow in time even after the turbulent fluxes reach a steady
state. This can eventually lead to discrete particle noise at long times. We present a solution to this problem. Growing weights are the result of balancing the
flux in a truly collisionless simulation. Collisions as currently implemented in PIC models via Monte-Carlo do not reduce the growing weight problem Since
weight growth is manifestation of phase-space filamentation, the weight level can be reduced by simply periodically coarse-graining the distribution function
in phase space. A five-dimensional phase-space grid is used to facilitate the coarse-graining procedure (CGP). &f is periodically deposited on the 5-D grid,
then re-evaluated at the particle position using interpolation. Any discontinuity of df in time arising from CGP is reduced by resetting only a small fraction
of the particle weight. CGP effectively introduces dissipation into the otherwise dissipation-less PIC method. An estimate of the numerical diffusion due to
this smoothing procedure is provided in the limit of large particle number. CGP is demonstrated to effectively suppress the long-term increase of the particle
weights in ITG simulations, while keeping the turbulent flux unchanged. Spectral analysis indicates that the reduction in particle weights is mainly due to the
elimination of the short scale structures in the density fluctuations. Large scale density fluctuations that account for the turbulent fluxes are not affected. We
have implemented CGP in the GEM code and applied it to the study of beta-scaling of turbulent transport in core plasmas, as well as, the simulation of edge
plasmas with strong density and temperature gradients. Both of these problems were previously difficult to model in flux-tube simulations.

I In collaboration with Scott E. Parker (CU-Boulder), Gregory Rewoldt (PPPL) , Seung-Hoe Ku, C-S Chang (New York Universty). Work supported
by SciDAC Center for Plasma Edge Simulation and Center for Gyrokinetic Particle Simulation.
2Y. Chen and S. E. Parker, J. Comput. Phys. 220 839 (2007)

12:00PM BI2.00006 First Transport Code Simulations using the TGLF Model' , J.E. KINSEY, General

Atomics — The first transport code simulations using the newly developed TGLF theory-based transport model [1,2] are presented. TGLF has comprehensive
physics to approximate the turbulent transport due to drift-ballooning modes in tokamaks. The TGLF model is a next generation gyro-Landau-fluid model
that includes several recent advances that remove the limitations of its predecessor, GLF23. The model solves for the linear eigenmodes of trapped ion and
electron modes (TIM, TEM), ion and electron temperature gradient (ITG, ETG) modes and finite beta kinetic ballooning (KB) modes in either shifted circle
or shaped geometry [1]. A database of over 400 nonlinear GYRO gyrokinetic simulations has been created [3]. A subset of 140 simulations including Miller
shaped geometry has been used to find a model for the saturation levels. Using a simple quasilinear (QL) saturation rule, we find remarkable agreement with
the energy and particle fluxes from a wide variety of GYRO simulations for both shaped or circular geometry and also for low aspect ratio. Using this new QL
saturation rule along with a new ExB shear quench rule for shaped geometry, we predict the density, temperature, and toroidal rotation profiles in a transport
code and compare the results against experimental data in the ITPA Profile Database. We examine the impact of the improved electron physics in the model
and the role of elongation and triangularity on the predicted profiles and compare to the results previously obtained using the GLF23 model.

[1] G.M. Staebler, J.E. Kinsey, and R.E. Waltz, Phys. Plasmas 12, 102508 (2005).

[2] G.M. Staebler, J.E. Kinsey, and R.E. Waltz, to appear in Phys. Plasmas, May(2007).

[3] The GYRO database is documented at fusion.gat.com/theory/gyro.

ISupported by US DOE under DE-FG03-95ER54309.
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9:30AM BO03.00001 Plans for near-term neutralized drift compression experiments! , PA. SEIDL,
LBNL, J.J. BARNARD, LLNL, J.E. COLEMAN, LBNL, UCB, A. FALTENS, LBNL, A. FRIEDMAN, LLNL, E.P. GILSON, PPPL, J.Y. JUNG, E.P. LEE, M.
LEITNER, P.K. ROY, LBNL, A.B. SEFKOW, PPPL, J.L. VAY, W.L. WALDRON, LBNL, D.R. WELCH, Voss Scientific, HIFS-VNL COLLABORATION —
One approach to target heating experiments with space-charge dominated ion beams is to simultaneously longitudinally bunch and transversely focus the beam.
Axial compression leading to ~100X current amplification and simultaneous radial focusing have led to encouraging energy deposition approaching, but still
short of, intensities required for eV-range target heating experiments. We discuss the status of several improvements and associated beam diagnostics that are
under development to reach the higher beam intensities, including: (1) greater axial compression via a higher Av/v velocity ramp using a new bunching module;
(2) improved centroid control via beam steering dipoles; (3) time-dependent focusing elements to correct considerable chromatic aberrations; and (4) plasma
injection improvements to maintain a plasma density always greater than the beam density.

I This work was supported by the U.S. D.O.E. under Contracts DE-AC02-05H11231, DE-AC02-76CH3073, and W-7405-ENG-48.

9:42AM BO03.00002 A space-charge neutralizing plasma channel for an intense beam! , pk.
ROY, P.A. SEIDL, LBNL, J.J. BARNARD, LLNL, J.E. COLEMAN, J.A. DUERSCH, LBNL, UCB, A. FRIEDMAN, LLNL, E.P. GILSON, PPPL, J.Y. JUNG,
M. LEITNER, B.G. LOGAN, LBNL, D. OGATA, LBNL, UCB, A.B. SEFKOW, PPPL, W.L. WALDRON, LBNL, D.R. WELCH, Voss Scientific, HIF-VNL
COLLABORATION — lon bunches have been suggested as an attractive means to heat matter to the warm dense matter, or strongly coupled plasma, regime
(Temperature ~ 0.1 to 10 eV). For a KT beam at 0.4 MeV, ~1 J/cm? is required to reach 1 eV in solid Aluminum. Also the pulse duration must be short
(<~ 2 ns) to avoid hydrodynamic cooling. A spot radius ~0.5 mm, and current ~10 A, would enable this flux level and pulse duration. The required current
will be achieved by compressing the beam axially. To further increase the beam intensity on target, we will use an 8T solenoid, filled with plasma injected from
filtered cathodic arc plasma sources. The Neutralized Drift Compression Experiment at LBNL is intended to test these neutralized focusing techniques with the
goal of reaching target temperatures ~0.5 eV. Experimental measurements, including the on-axis plasma density distribution and the beam density distribution,
will be presented.

1 This work was supported by the U.S. D.O.E. under Contracts DE-AC02-05H11231, DE-AC02-76CH3073, and W-7405-ENG-48.

9:54AM BO03.00003 Improved neutralized compression and focusing of an intense ion beam

using a final focus solenoid , J.E. COLEMAN, P.A. SEIDL, J.A. DUERSCH, D. OGATA, P.K. ROY, K. VAN DEN BOGERT, LBNL, Berkeley,
CA 94720, USA, A.B. SEFKOW, E.P. GILSON, PPPL, New Jersey 08543, USA, D.R. WELCH, Voss Scientific, Albuquerque, NM 87108, USA — Future target
heating experiments with space-charge dominated ion beams require simultaneous longitudinal bunching and transverse focusing. We present an experiment to
simultaneously focus a singly charged potassium ion beam at LBNL. The space charge of the beam must be neutralized so only emittance limits the focused
beam intensity. An induction bunching module provides a head-to-tail velocity ramp upstream of a neutralizing plasma column and a final focusing solenoid.
The beam parameters are tuned with a four-solenoid lattice to transport the neutralized compressing beam into a final focus solenoid which transversely focuses
the beam at the target plane. We have improved the axial focus (> 100x axial compression, < 2 ns pulses) and reduced the beam spot size. A comparison
of experimental and modeling results are presented. (This work was supported by the U.S. D.O.E. under DE-AC02-05H11231 and DE-AC02-76CH3073 for
HIFS-VNL)



10:06AM B0O3.00004 Planning for NDCX-II, a next-step platform for ion beam-driven Warm

Dense Matter studies!, A. FRIEDMAN, J.J. BARNARD, D.P. GROTE, LLNL, E. HENESTROZA, M. LEITNER, B.G. LOGAN, W.L. WALDRON,
S.S. YU, LBNL, R.C. DAVIDSON, I. KAGANOVICH, PPPL — The Heavy lon Fusion Science Virtual National Laboratory, a collaboration of LBNL, LLNL, and
PPPL, has achieved 60-fold temporal pulse compression of ion beams on the Neutralized Drift Compression eXperiment (NDCX) at LBNL. Here, a velocity
“tilt” is imparted to the beam by a ramped voltage pulse as it traverses an induction gap; the beam’s tail then catches up with its head in a plasma environment
that provides the needed neutralization. Initial studies of matter heated by low-energy ions are beginning on NDCX. We seek to experimentally study uniformly
heated foils for basic Warm Dense Matter physics, and key aspects of ion direct drive for inertial fusion. These goals require an improved platform, NDCX-II,
and this talk will describe our progress and planning thereof, with an emphasis on simulation studies of beam dynamics.

IWork performed under auspices of U.S. DoE by the University of CA, LLNL and LBNL under Contracts W-7405-Eng-48 and DE-AC02-05CH11231,
and PPPL under Contract DE-AC02-76 CH03073.

10:18AM B03.00005 Further Development of the Gyrotron- Powered Pellet Accelerator, FrRancIS

PERKINS, University of Colorado — The Gyrotron-Powered Pellet Accelerator provides an enabling technology to efficiently fuel ITER with fast pellets launched
from the High Field Side (HFS) separatrix. Pellet experiments have repeatedly found that fuel efficiently is high - consistent with 100%. In contrast, Low Field
Side (LFS) launch experiments find efficiencies of 50% or less. This report addresses what experimental program and what material choices can be made to retain
program momentum. An initial program seeks to establish that our heterogeneous approach to conductivity works, maintaining s 1 mho/m. A demonstration
of acceleration can be carried out in a very simple laboratory when the pusher material D2[Be] is replaced by LiH[C] which is a room temperature solid with
a graphite particle suspension. No cryogenics or hazard chemicals. The mm-wave mirror will be graphite, the tamper is sapphire, and the payload LiD. The
payload has a pellet has diameter = 3mm and a mass M = 4.4x10~* kg which is 220 joules at V=1000 m/s. A barrel length of 15 cm completes the design
specification.

10:30AM BO03.00006 Electron Beam Focusing Dynamics in Gas-filled Transport Cells for

Radlographyl , KELLY HAHN, B.V. OLIVER, S. PORTILLO, Sandia National Laboratories, D.R. WELCH, N. BRUNER, Voss Scientific, G. COOPER,
J. MCLEAN, Atomic Weapons Establishment — At Sandia National Laboratories, investigations of intense electron beam-driven diodes for flash x-ray radi-
ography are being conducted on the RITS-6 accelerator, 9-12 MV. One of several diodes under investigation is the paraxial diode, which employs a gas-filled
transport cell to focus the beam onto a high atomic number target to generate x-rays. LSP simulations have shown that the primary limitation in spot size is
attributed to the finite decay of the plasma return current which causes the beam focal position to shift axially during the timescale of the pulse, hence leading
to an increased radiation spot. Time-resolved measurements of the radiation spot are reported which convey this trend.

1Sandia is a multiprogram laboratory, operated by Sandia Corporation, a Lockheed Martin company for the United States Department of Energy’s
National Nuclear Security Agency, under Contract DEAC04-94-AL85000.

10:42AM BO03.00007 Alignment between velocity and magnetic field fluctuations in the inertial

range of solar wind turbulence and comparison to Boldyrev’s phenomenological theory , J.J. PODESTA,
A. BHATTACHARJEE, B.D. CHANDRAN, Center for Integrated Computation and Analysis of Reconnection and Turbulence, University of New Hampshire,
Durham, NH 03824 — According to Boldyrev's phenomenological theory of incompressible MHD turbulence in a magnetized plasma the cascade of energy and
cross-helicity from large to small scales is accompanied by an alignment between the vector velocity and magnetic field fluctuations. This alignment process
is governed by the scale-by-scale conservation of energy and cross-helicity and predicts that the angle between v | and b scales like A1/4 where X is the
length scale of the fluctuations perpendicular to the mean magnetic field. Solar wind observations show that this scaling law is approximately valid at the largest
inertial range scales but breaks down at intermediate to small scales. Analysis of in-situ measurements from the Wind spacecraft at 1 AU are presented and
theoretical implications of these results are discussed.

10:54AM B0O3.00008 Theory for the measurement of cascade rates of energy and cross-helicity

in axisymmetric incompressible MHD turbulence , MIRIAM FORMAN, Department of Physics and Astronomy, State University
of New York, Stony Brook, New York, 11794, JOHN PODESTA, CHARLES SMITH, Space Science Center, University of New Hampshire, Durham, NH 03824
— A theory is presented for the experimental measurement of the turbulent cascade rates of energy and cross-helicity for incompressible MHD turbulence that
is statistically homogeneous and axisymmetric about the mean magnetic field. Like Kolmogorov's four-fifths law for incompressible hydrodynamic turbulence,
the theory is based on measurements of third order moments of the fluctuations at two points separated by a vector r. In MHD the third order moments
contain combinations of velocity and magnetic field fluctuations and are proportional to the distance r when r lies in the inertial range. For axisymmetric MHD
turbulence the third order moments are also functions of the angle 6 between the displacement vector r and the mean magnetic field and the dependence on the
angle must be measured to determine the cascade rates from experimental data. Tensor forms for the third order moments in axisymmetric MHD turbulence
are derived and the resulting theory reveals an interesting relationship between the cascade rates and the angular dependence of the third order moments.

11:06AM BO03.00009 Self-organization and criticality of magnetotail plasma! A ALEXANDER MiILO-
VANOV, Department of Physics and Technology, University of Tromso, 9037 Tromso, Norway, LEV ZELENYI, Department of Space Plasma Physics, Space
Research Institute, 84/32 Profsoyuznaya, 117997 Moscow, Russia — There is a vast observational evidence that magnetic field and plasma fluctuations in the
far geo-magnetic tail show a power spectral density that is best modeled by power laws with kinks around some characteristic frequencies. In-situ satellite
observations have shown that the fluctuations exhibit scale-free behavior in a range of intermediate and low frequencies but with diverse scaling characteristics.
Here we propose a model in which those signatures of scale invariance and power laws are explained in terms of self-organization and criticality of space plasma.
In this model the global stability of the tail is provided by the ion component of the plasma, while electrons are attributed the role of a charge-neutralizing
background. We discuss the mechanisms of plasma heating and energization in the magnetotail and occurrence of power-law supra-thermal tails in the electron
energy distribution. Our model predictions are well inside the range of observational evidence and former theoretical arguments.

1This work was partially supported by the Norwegian Research Council under the project No. 171076/V30



11:18AM BO03.00010 Spatio-temporal dynamics of the magnetosphere: Mutual information

function analy51s1 , SURJA SHARMA, JIAN CHEN, THANGAMANI VEERAMANI, University of Maryland, College Park — The magnetospheric
response to strong driving by the solar wind is highly structured, and spatially resolved data are essential for the understanding of the spatio-temporal dynamics.
The global and local features of the magnetosphere are studied using nonlinear dynamical techniques of phase space reconstruction. A database of the solar wind
data from satellites and ground-based magnetometer stations is used to study the magnetospheric response to solar wind variables using mutual information
functions. A key feature of the mutual information function is its ability to bring out the linear as well as nonlinear correlations and such functions are needed
to study the inherently nonlinear dynamics of the magnetosphere. The spreads in the average mutual information functions computed for the different stations
show strong correlations with the solar wind convective electric field and the sudden changes in the dynamic pressure. The time evolution of mutual information
shows a westward expansion of the disturbed region in the night side magnetosphere, starting from the near midnight sectors. The mutual information functions
are used to quantify the transfer of information among the different locations.

ISupported by NSF grants ATM-0318629 and DMS-0417800

11:30AM BO03.00011 Extraordinary-Mode Radiation Produced by Linear-Mode Conversion

of Langmuir Waves , EUN-HWA KIM, Princeton University, IVER CAIRNS, PETER ROBINSON, University of Sydney — Linear-mode conversion
(LMC) of Langmuir waves to radiation near the plasma frequency at density gradients is important for laboratory, space, and astrophysical phenomena. We
study LMC in warm magnetized plasmas using numerical electron fluid simulations when the density gradient is parallel to the ambient magnetic field (Bo).
We demonstrate that LMC can produce extraordinary (z) mode as well as ordinary (o) mode radiation from Langmuir waves, contrary to earlier expectations
of o-mode only. Equal amounts of o- and z-mode radiation are produced in the unmagnetized limit. The z-mode efficiency decreases as By increases while the
o-mode efficiency oscillates due to an interference phenomenon between incoming and reflected Langmuir or z-modes. Both z- and o-mode should be produced
for typical coronal and interplanetary parameters, alleviating the long-standing depolarization problem for type Ill solar radio bursts.

11:42AM BO03.00012 Instability of coherent whistlers propagating along field lines in the

magnetosphere1 , MARTIN LAMPE, GURUDAS GANGULI, NRL Plasma Phys. Div., GLENN JOYCE, WALLACE MANHEIMER, U. Maryland — We
report on analytic and simulation studies of nonlinear instability triggered by a whistler propagating along a geomagnetic field line. For simplicity of interpretation,
the electron distribution is taken to be the highly unstable ring distribution f(v)=d(v||—v|j0)d(v.L—V.i0). The variation (quadratic near the equator) of the
geomagnetic field B(z) along a field line is important, even though A~ 1 km while the field gradient scale ~1000 km. The instability is triggered by an
initial wave pulse of finite duration 7p; the value of 7, also plays an important role. Instability occurs initially at the resonant points where w—kv| — Q=0,
but is carried backwards in the pulse by the stream of resonant electrons. The fresh flow of unperturbed electrons into the pulse plays an important role, and
in the non-uniform B(z), phase-trapped electrons can continue to drive the nonlinear stage of the instability, which is characterized by both growth and strong
spatio-temporal variations of the wave frequency.

1Supported by ONR

11:54AM BO03.00013 Interaction of electric field with plasma clouds in lower ionosphere! ,
YAKOV DIMANT, MEERS OPPENHEIM, Boston University — At the lower-E/upper-D altitudes between 80 and 120 km, the ionospheric plasma density is
low, especially at nighttime. At these altitudes, meteor plasma trails and sporadic-E layers are often present. The former, highly elongated and slowly diffusing
structures have the lengths of several kilometers, the lifetimes from 1s to several minutes, and they fill the entire lower ionosphere. The latter, pancake-like
clouds are much rarer, but they span tens to thousands of kilometers in horizontal direction and live several hours and longer. In the lower ionosphere, especially
at high latitudes or near the magnetic equator, an external electric field often occurs. This field polarizes the highly conducting clouds, redistributes the
electrostatic potential, and generates currents both within and around the cloud. Using a universal approach, we have developed a 3D analytical theory of these
phenomena. The theory predicts significant amplification of the electric field in the near-cloud region and strong currents. This is important for generation of
plasma instabilities, electron heating, and magnetosphere-ionosphere coupling.

IWork supported by NSF grants ATM-0332354, ATM-0334906, and ATM-0334256

12:06PM BO03.00014 Modeling Plasma Interactions with Satellite-Borne Instrumentation!® ,
JEFFREY KLENZING, GREGORY EARLE, RODERICK HEELIS, The University of Texas at Dallas — We have developed a simulation of ion interactions with
the biased grids of the Retarding Potential Analyzer (RPA), which is one of the fundamental instruments of space science. RPAs have successfully been flown on
spacecraft since the late 1950's, including Sputnik Ill, the Viking lander, and the DMSP family of satellites. The RPA measures the distribution of particle flux
as a function of ion energy by using biased grids as an energy filter for collected particles. In order to fit collected data to physical parameters, the interaction of
charged particles with the biased grid must be studied thoroughly. We have simulated this interaction using ANSYS, a multiphysics software tool. Perturbations
to the Whipple RPA equation due to non-uniform potential will be discussed with the intent of developing quantitative corrections to inferred parameters, such
as velocity and temperature.

I This work was supported by NASA GSRP Grant NNG05-GL70H

12:18PM B03.00015 Dominant unstable mode in fast electron beam plasma interaction, ANTOINE
BRET, Universidad Castilla la Mancha, LAURENT GREMILLET, Commissariat Energie Atomique — The interaction of a relativistic electron beam with a
plasma is a subject of relevance for the Fast Ignition Scenario as well as many astrophysical settings. It has been known for long that the system is unstable
with respect to many electromagnetic instabilities such as the two-stream or the filamentation instabilities. Nevertheless, recent theoretical [1] and numerical [2]
investigations accounting for the whole unstable wave vector spectrum have highlighted the role of unstable modes with vector aligned obliquely with respect to
the beam. In the cold fluid limit, it was proved [3] that the relativistic beam plasma system can be governed by filamentation or oblique instabilities, depending
on the beam to plasma density ratio and the beam gamma factor. We here present a full kinetic extension of this previous work accounting for relativistic
Maxwell-Jiittner distributions functions for the beam and the plasma return current. We find that depending on the system parameters, filamentation, oblique
and even two-stream modes can govern the system. Some of the implications are discussed. [1] A. Bret, M.-C. Firpo, C. Deutsch, PRL, 94, 115002, 2005. [2]
L. Gremillet et. al., 14, 040704, 2007; M.E. Dieckman et. al., PoP, 13, 112110, 2006. [3] A. Bret, C. Deutsch, PoP, 12, 082704, 2005.
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9:30AM BO0O5.00001 Optimization of Extreme Ultra-Violet Emission from Laser-produced Tin

Plasmas by Radiation Hydrodynamic Simulations , ATSUSHI SUNAHARA, Institute for Laser Technology Japan, AKIRA
SASAKI, Japan Atomic Energy Agency, KATSUNOBU NISHIHARA, HIROFUMI UEDA, TATSUYA AOTA, SHINSUKE FUJIOKA, Institute of Laser Engineer-
ing Osaka University, MICHITERU YAMAURA, YOSHINORI SHIMADA, Institute for Laser Technology Japan, HIROAKI NISHIMURA, NORIAKI MIYANAGA,
YASUKAZU IZAWA, KUNIOKI MIMA, Institute of Laser Engineering Osaka University, EUV PROJECT (JAPAN MEXT LEADING PROJECT) COLLABO-
RATION — Extreme Ultra-Violet (EUV) emission from laser-produced tin plasmas is a candidate for the light source used in lithography of the next generation
semi-conductors. In order to simulate the EUV emission from laser-produced tin plasma, we have developed the radiation hydrodynamic code “Star-1D" and
“Star-2D,” respectively. The calculated x-ray spectrum and EUV conversion efficiency from 1-D simulations qualitatively agree with experimental results.
Calculated spectrum by 2-D code for the long scale length plasma is good agreement with experimentally measured results. Also, calculated density profiles are
verified by the interferometry observations. We will show the optimized conditions and its physical interpretation for the high conversion efficiency and high
power EUV light source.

9:42AM BO05.00002 Role of inert gas in the low-temperature CVD nano-crystalline diamond
process. , PARESH RAY, JELANI GRIFFIN, Jackson State University — We report a systematic investigation of the effect of different inert gases on
chemical vapour deposition (CVD) of nano-crystalline diamond. In situ optical emission measurement was employed to monitor the plasma chemistry, which
possibly influences the film growth. Our result indicates that C2 is not necessarily the key growth species for nano-crystalline diamond and we will demonstrate
here that the nano-crystalline diamond film can be grown under conditions where the C2 concentration is very small. Modelling results support the trend in
number density changes for intermediate radicals with the volume percentage of argon variation for CH4/H2 /Ar plasma.

9:54AM BO0O5.00003 Electroluminescence of Carbon-Implanted Silicon® , MARCEL RISCH, MICHAEL
BRADLEY, University of Saskatchewan — Silicon, being the staple semiconductor of integrated circuits and microchips, features an indirect band gap which
limits its application in photonic devices. However, there is a large demand for an interface between electric circuits and optical circuits and therefore light-
emitting silicon-compatible devices. A possible approach to enhance the room-temperature light properties of silicon is carbon ion implantation. We compute
the absolute number of implanted ions using the Lieberman model for the ion current. Subsequently, SRIM calculations yield the concentration distribution,
which has great influence on the emission spectrum. We produced Schottky diodes from the processed samples and found the most stable and efficient operation
at a current density of about 2.5 A/cm?. The observed electroluminescence, caused by compositional and structural disorder, appears orange-white to the eye.
The discussed method has limitations for the quantum efficiency but shows some potential for cost-effective on-chip light emitting diodes (LED).

I This work is being supported by NSERC

10:06AM BO5.00004 Plasma Antenna Shielding , ESMAEIL FARSHI, IGOR ALEXEFF, TED ANDERSON, University of
Tennessee, Haleakala Research and Development, Inc., UNIVERSITY OF TENNESSEE COLLABORATION, HALEAKALA RESEARCH AND DEVELOPMENT,
INC. COLLABORATION — A method and calculation have been developed to protect space based antennas using plasma Frequency selective surfaces radom.
The antennas we are trying to protect are currently metal but could be plasma. The scattering process of the electromagnetic waves has been investigated
in a plasma antenna tube; this process is of self-important value from the point of view of studying wave propagation and absorption. When electromagnetic
waves propagate in media with random inhomogeneities, there appear waves with frequencies and wave vectors which are different from the frequency and
wave vector of the fundamental wave. Here, the so-called scattering process occurs. If the medium is spatially homogeneous but parameters defining its
electromagnetic properties experience fluctuations, then scattering must occur on these fluctuations, the latter being random inhomogeneities. Induced charges
and currents leading to radiating new scattered waves emerge in a medium under the influence of the fundamental wave, thereby initiating the appearance of
scattered waves. However, within the linear approximation induced charges and currents in the homogeneous medium represent only the modification of wave
propagation characteristics in a medium, as compared to vacuum, i.e., modification of the complex refractive index. The results may be generalized for physical
understanding of the scattering process in plasma.

10:18AM BO05.00005 Experimental Validation of a Hydromagnetic Rankine-Hugoniot Model

for Pulsed Plasma Thrusters, FLAVIO POEHLMANN, NICOLAS GASCON, MARK CAPPELLI, Stanford University — The most commonly
used model for the Pulsed Plasma Thruster (PPT) is based on an electric circuit analysis, which provides only little physical insight to the mechanism by which
the discharge accelerates the propellant. We present a model for the acceleration mechanism in gas-fed PPTs that is derived from early work on coaxial plasma
deflagration guns! and is based on an analogy to chemical combustion waves. More specifically, the Rankine-Hugoniot theory for detonations and deflagrations
can be extended to include magnetohydrodynamics in plasmas. Equations have been derived for the exhaust velocity and a mode transition to the so-called
plasma deflagration mode that was independently observed by several researchers’:? can be explained based on this model. Experimental data was taken at
Stanford to verify the validity of the derived equations.

1Cheng, D.Y., “Plasma Deflagration and the Properties of a Coaxial Plasma Deflagration Gun”, Nuclear Fusion 10, 1970

2Woodall, D.M., Len, L.K. “Observation of current sheath transition from snowplow to deflagration” J. Appl. Phys. 57 (3), Feb 1985

10:30AM B0O5.00006 High Resolution Spectral Measurements of Electrical Propulsion Plasmas
, MURAT CELIK, OLEG BATISHCHEV, MANUEL MARTINEZ-SANCHEZ, Massachusetts Institute of Technology, SPACE PROPULSION LABORATORY
TEAM — Among various diagnostics methods in studying the EP thrusters’ plasma, emission spectroscopy provides a non-invasive, fast and economical
diagnostics allowing also the ability to access hard to reach locations. This study presents the spectral measurement results of SPT (BHT-200) and TAL
(MHT-9) Hall Effect thrusters and mini-Helicon (mHTX@MIT) thruster plasmas. The measurements were conducted using a 750mm focal length spectrometer
with a spectral resolution of up to ~0.01 nm in the UV-VIS-NIR wavelength range, 200-1000nm. For one set of the measurements, collection optics was placed
on a portable optical shelf attached to the window port of the vacuum chamber. For another set of measurements the thruster plasma radiation emission was
collected using a collimating lens inside the vacuum chamber and the signal was brought out of the chamber to the spectrometer by the use of UV-rated optical
fibers. Accurate spectral characterization was done for Xe and Ar plasma in a broad operational range. Additionally, emission spectroscopy was used to detect
line radiation due to wall erosion products in SPT, to study the effect of thruster operational parameters on the ceramic lining erosion rate, subsequently of the
thruster’s lifetime.

10:42AM BO0O5.00007 Optical Diagnostic Development of a Bismuth Hall Thruster, bavip SCHARFE,

Stanford University, MARK CAPPELLI, Stanford University — As the heaviest of all stable isotopes, bismuth is a uniquely efficient propellant option for certain
plasma-based electric propulsion (E.P.) applications. In general, E.P. systems offer significant benefits over conventional chemical propulsion rockets; however,
current E.P. technologies are still lacking in the efficiency and power handling required for feasible Nuclear-Electric Propulsion missions to the outer planets.
One option to accommodate the requirements of such missions is an advanced bismuth-fueled Hall thruster. In preparation for development of an advanced
Bi-fed Hall thruster, a laboratory-model Hall thruster has been modified to run on bismuth propellant and optical diagnostics have been developed for analyzing
the bismuth plasma in the thruster exhaust. For ion velocity measurements, the Bi Il 680.86 nm transition will be probed with a New Focus brand Velocity class
TLB-6309 laser, and phase sensitive LIF collection will be recorded at 660.02 nm. The design of the laboratory thruster, as well as recordings of the emission
and LIF signals from these transitions in the thruster, will be presented.



10:54AM B0O5.00008 Plasma Flow Characterization of a mini-Helicon Thruster , NAREG SINENIAN,
OLEG BATISHCHEV, MANUEL MARTINEZ-SANCHEZ, MIT, Cambridge, MA 02139, USA — We present experimental analysis of the plasma flow produced
by the mini-Helicon Thruster Experiment, currently under development at the MIT Space Propulsion Laboratory. It can efficiently ionize ~1mg of Ar or N at a
nominal 1kW RF power. Possible electric propulsion applications require high (~20-30km/s) exhaust velocity. Our current goal is to optimize thruster design
and beam efficiency. Plasma flow is primarily measured using 2-pin Mach probes and Retarding Potential Analyzers. Several issues are addressed including
RF-compensation, the effects of non-equilibrated plasma and very high energy fluxes (4MW/m?). Measurement results from these diagnostics over the radius
of the plasma jet are presented and yield an indirect measurement of the total axial thrust force. A direct measurement of the thermal component of the
total axial thrust force is accomplished using a feedback controlled thrust balance, capable of measurements within a range of 0.1-20mN with a resolution of
approximately .1mN. Comparison of the indirect measurements of the total axial thrust and direct measurements of the thermal component of the total axial
thrust yields the magnetic component of the total thrust. The latter originates from the magnetic nozzle effect and can be varied by altering the topology of
the field in the rear exhaust region.

11:06AM BO0O5.00009 Studies of a Pure Electron Plasma to Investigate Electron Mobility in

Hall Thrusters , EMILY FOSSUM, LYON KING, Michigan Tech University — Excessive cross-field electron mobility in Hall thrusters has a negative
effect on thruster efficiency and has been shown experimentally to be much larger than predicted by classical theory. An electron trapping apparatus was
constructed in order to study electron dynamics in the defining electric and magnetic fields of a Hall-effect thruster in a highly controlled environment. Electrons
are confined using only electric and magnetic fields without ions and dielectric walls, which are present in a typical Hall thruster. Mobility studies on a
non-neutral plasma provide several advantages over a Hall thuster's quasi-neutral plasma, including a well-defined electric field and the ability to take internal
electrostatic probe measurements. Cross-field electron mobility was investigated in response to magnetic and electric field strengths and background neutral
density. Experimental design considerations including loading mechanisms, trapping potential, field design, and diagnostic techniques are presented along with
experimental results. In this investigation, measured cross-field mobility appears to be consistent with Bohm-like mobility rather than classical mobility.

11:18AM B0O5.00010 Fluctuations, Electron Transport, and Flow Shear in 2D Axial, Azimuthal

(z-0) Hybrid Hall Thruster Simulations. , EDUARDO FERNANDEZ, Eckerd College, NICOLAS GASCON, AARON KNOLL,

MICHELLE SCHARFE, MARK CAPPELLI, Stanford University — Motivated by the inability of radial-axial (r-z) simulations to properly treat cross-field
electron transport in Hall thrusters, a novel 2D z-0 model has been implemented. In common with many r-z descriptions, the simulation is hybrid in nature and
assumes quasi-neutrality. Unlike r-z models, electron transport is not enhanced with an ad-hoc mobility coefficient; instead it is given by collisional or “classical”
terms as well as “anomalous” contributions associated with azimuthal electric field fluctuations. Results indicate that anomalous transport dominates classical
transport for most of the channel and near field, except in a strong electron flow shear region near the channel exit. The correlation between flow shear,
fluctuation behavior, and electron transport will be examined, along with experimental data from the Stanford Hall Thruster. Our findings make a strong link
to the turbulent transport suppression mechanism by flow shear seen in fusion devices. The scheme for combining the r-z and z-6 descriptions into an upcoming
3D hybrid model will be presented.

11:30AM B0O5.00011 Introduction of Shear-Based Transport Mechanisms in Radial-Axial Hy-

brid Hall Thruster Simulations , MICHELLE SCHARFE, NICOLAS GASCON, DAVID SCHARFE, MARK CAPPELLI, Stanford University,
EDUARDO FERNANDEZ, Eckerd College — Electron diffusion across magnetic field lines in Hall effect thrusters is experimentally observed to be higher than
predicted by classical diffusion theory. Motivated by theoretical work for fusion applications and experimental measurements of Hall thrusters, numerical models
for the electron transport are implemented in radial-axial hybrid simulations in order to compute the electron mobility using simulated plasma properties and
fitting parameters. These models relate the cross-field transport to the imposed magnetic field distribution through shear suppression of

turbulence-enhanced transport. While azimuthal waves likely enhance cross field mobility, axial shear in the electron fluid may reduce transport due to a reduction
in turbulence amplitudes and modification of phase shifts between fluctuating properties. The sensitivity of the simulation results to the fitting parameters is
evaluated and an examination is made of the transportability of these parameters to several Hall thruster devices.

11:42AM B0O5.00012 Effects of gyrocenter shift on the retrograde motion of cathode spots and

plasma transports , K.C. LEE, University of California Davis — The gyrocenter shift phenomenon explained the mechanism of radial electric field
formation at the boundary of fusion devices [K. C. Lee, Phys. Plasmas 13, 062505 (2006)]. The theory of gyrocenter shift is also applicable to low temperature
high collisional plasmas by the generalization of the theory resulting from short mean free path comparing to gyroradius. Introducing the expanded formula of
gyrocenter shift, the retrograde motion of cathode spots in the arc discharge is investigated through a model with similar parameters to an experimental study.
It is found that a reversed electric field is formed in front of cathode spots when they are under magnetic field parallel to the cathode surface and this reversed
electric field generates the rotation of cathode spots opposite to Amperian direction of the whole discharge. The ion drift velocity profiles calculated from the
model are in agreement to the experimental results as functions of magnetic flux density and gas pressure. Also, the effect of the gyrocenter shift on the plasma
transport will be discussed.

11:54AM BO05.00013 Adaptive Kinetic Model for the Ultrafast Laser Ablation Propulsion ,
OLEG BATISHCHEV, MIT, Cambridge, MA 02139, ALLA BATISHCHEVA, DSL Inc, Cambridge, MA 02139, JEAN-LUC CAMBIER, AFRL/PRSA, Edwards
AFB, CA 93524 — Modern ultrafast femtosecond Ti:Sa lasers are capable of delivering tera-watt powers to a 1-10um size volumes at 1-10KHz repletion rates.
Though the energy per single pulse is limited to 0.01-1J, due to the unparallel energy density, the material in a focal spot ablates with high energy, instantly
forming T~0.01-1MeV plasma, which corresponds to the extremely high specific impulse Isp~0.01-1Msec. Amount of the ablated material is controlled by the
focal spot size. Average thrust could be controlled in the broad range by varying the atomic weight of the irradiated material and the laser repetition rate,
effectively varying average power in the 10W — 10kW interval. Various practical configurations are considered. One of the possibilities is ablating micro-droplets
in the strong diverging magnetic field. In this way most of the 1.5kT random energy could be directed into a half-space, thus forming an exhaust plume. The
efficiency of laser energy absorption, ablated plasmas energy spectra, plume divergence, net thrust production are difficult questions to be answered. For analysis
we deploy an adaptive kinetic model that solves strongly couple sets of non-linear Boltzmann-Maxwell equations. Results of the numerical simulations for a
range of physical parameters — laser pulse durations, flux densities, target dimensions — will be discussed.

12:06PM BO0O5.00014 Micro-propulsion in space via dust - plasma thruster , GARY ZANK, KHARE
AVINASH, IGPP University of California Riverside — A new scheme of micro propulsion in space i.e. the dust — plasma thruster is proposed. The scheme
uses plasma thermal energy to charge externally injected sub micron sized particles and simultaneously create electric fields in the plasma which accelerates
them. Particles are subsequently charge stripped and exhausted to produce electrically neutral thrust obviating the need of a charge neutralizer. For reasonable
plasma and particle parameters, thrust and specific impulse over a broad range may be produced. The dependence of thrust on particle size and other plasma
parameters allows for a better thruster precision. The scheme is shown to have modest power requirements. It may be realized in a simple design where there are
no high voltage grids or electrodes, charge neutralizer, valves, pressurized gases etc and can operate in space or vacuum. A layout for the possible configuration
is described.
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9:30AM BO06.00001 Plasma expansion dynamics physics: An understanding on ion energy

reduction process , DAVID RUZIC, SHAILENDRA SRIVASTAVA, KEITH THOMPSON, JOSHUA SPENCER, JOHN SPORRE, University of Illinois
at Urbana-Champaign, UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN TEAM — This paper studies the expanding plasma dynamics of ions produced
from a 5J Z-pinch xenon light source used for EUV lithography. lon energy reduction is essential for the successful implementation of this technology. To aid
this investigation, ion energy from a z-pinch DPP plasma source is measured using an ion energy analyzer and effect of introducing a small percentage of low Z
material on the ion energy and flux is investigated. Presence of low mass such as Hy or N2, shows a considerable reduction in total flux and in average energy.
For example, Xe™T ion flux at 5 keV are recorded as 425 + 42 ions/cm?.eV.pulse at 157 cm and reduced to 125 + 12 ions/cm?.eV.pulse when using the low
mass into the system at same energy. It is also noticed that such a combination leads to decrease in sputtering without changing the EUV output. Study of the
possible mechanism supporting the experimental results is numerically calculated. This computational work indicates that the observed high energies of ions are
probably resulting from coulomb explosion initiated by pinch instability. It is postulated that the electrons leave first setting up an electrostatic potential which
accelerates the ions. The addition of small mass actually screens the potential and decorates the ions.

9:42AM BO06.00002 Explosively Generated Plasmas in Noble Gases , C.J. BOSWELL, J.R. CARNEY, J.M.
LIGHTSTONE, J. WILKINSON, G. PANGILINAN, Indian Head Division - NSWC — Non-ideal plasmas occur as a result of the stimulation of matter by strong
shocks, detonation waves, or concentrated laser irradiation. Since all of these methods of generating non-ideal plasmas are already in use to address other
problems, we focus on a detailed understanding of this plasma. In particular, we study the generation of this plasma by strong, ionizing guided shock waves.
The shock wave in the gas is generated by an explosive located at one end of a guide tube filled with a noble gas. The detonation produces a shock wave strong
enough to ionize the gas. Spectral line emission profiles, recorded with a streak emission spectroscopy system, are used to ascertain neutral and ionized gas
properties. The electric and magnetic fields are measured by electrostatic probes and magnetic induction coils which permit the measurement of the temperature,
density, and electric potential of the non-ideal plasma; as well as the flow of net electric charges respectively. The results demonstrate there is a mixing of the
detonation products and the noble gas and that there is a pulse of electrons that travel ahead of the shock wave as it travels down the guide tube.

9:54AM BO06.00003 Numerical simulations of relativistic collisionless shocks and their
radiation? , EDISON LIANG, JULIA SCHEEVEL, ORESTES HASTINGS, Rice University — Using 2.5D and 3D PIC codes, we simulate the colli-
sions of relativistic electron-positron and electron-ion plasmas with and without upstream background magnetic fields. We study the growth and saturation of
Weibel and other instabilities, and the diffusive acceleration of high energy particles. Using post-processing codes we also compute the in-situ radiation output
of the accelerated particles. We find that in general the radiation output of Weibel mediated shocks without upstream background magnetic fields is small.
Shocks mediated by strong background fields tend to radiate more efficiently due to stronger coupling between the accelerated particles and penetrated fields.
The structure of e-ion shocks is complicated by electron-ion charge separation, which transfers energy from high energy electrons to ions. Particle acceleration
is facililated by both charge separation and Langmuir waves in this case.

Iwork partially supported by NSF AST0406882

10:06AM BO06.00004 Two-dimensional effects on shock planarity in confined laser ablation ,
ERIC LOOMIS, LANL, DAMIAN SWIFT, LLNL, SHENGNIAN LUO, LANL — The ablation of solid material when illuminated with focused laser pulses is a
common method for driving strong shocks into the target material and is typically treated as one-dimensional. The expansion and blow-off of the low-density,
high-temperature coronal plasma has, however, non-axial flow components. In laser shock experiments, the plasma can be confined by a transparent substrate
resulting in higher pressures and longer duration shock waves in the solid material for moderate laser energies. In an effort to understand the loading history and
shock planarity in these targets to greater accuracy, numerical simulations have been carried out and compared to experimental velocity profiles. Two-dimensional
continuum mechanics simulations have been carried out using high-temperature equations-of-state for C and Al. The laser energy is deposited into a thin layer
of C or Al at the interface between a sapphire substrate and target material (Be) in a simplified manner without rigorously accounting for realistic laser-matter
interactions. Variations in total energy and irradiance history on the loading are included in the study. Simulations are compared to one-dimensional radiation
hydrodynamics calculations and possible improvements to the confined ablation target design are given.

10:18AM B06.00005 Turbulent Energy Analysis Behind Normal Ionizing Shock Waves! , cHavis
T. RAYNOR, JOSEPH A. JOHNSON, I, Florida A&M University, CEPAST — Using an Arc-Driven Shock Tube and Laser Induced Fluorescence, we measured
the turbulent energy behind an ionizing shock wave in the presence of a weak axial magnetic field. Simultaneous density estimates were made from multiple
points behind the flow. Two points measure density along the flow, while two additional points measure density across the flow. With the test gas held at
constant pressure, it was determined that the turbulent energy increases linearly with increasing magnetic field strength. In contrast, the turbulent energy
decreases with increasing pressure when the magnetic field is held constant. While the turbulent energy at the radial points are about the same, the strength of
the turbulent energy at the axial points differ significantly from each other as well as from the radial points. This may be due to higher rates of radial diffusion
towards the walls of the tube where recombination is greatest. In addition, the results of other turbulent parameters of interest will be discussed.

1Research supported in part by grants from the U.S. Department of Energy and the National Science Foundation.

10:30AM BO0O6.00006 Enhanced Signal to Noise in a Turbulent Laser Enhanced Laser Induced

Plasma? , DELONIA WIGGINS, STEPHEN ROBERSON, JOSEPH A. JOHNSON IIl, Florida A&M University — A Nd-Yag pulsed laser created a plasma
at a focal point in the path of a CW 1kW fiber laser beam. The CW fiber laser power increases in steps of 100W from OW (CW fiber laser off) up to 1000W. The
plasma is created in air. The optical emissions from this turbulent plasma were captured with two fiber optic cables and transmitted first to two monochrometers
and ultimately to an ICCD and an oscilloscope. From the emissions of the plasma, the spectra of both the ionized and neutral lines can be captured using the
ICCD. Both spectra are influenced as the power of the CW fiber laser increases. More specifically, the signal to noise ratio is systematically enhanced by the
presence of the CW fiber laser beam in the path of the plasma.

IResearch supported in part by grants from the US Army SMDC and the National Science Foundation.

10:42AM BO06.00007 Experimental determination of the Plasmon dispersion in warm-dense

Berylhum.l , PAUL NEUMAYER, ANDREA KRITCHER, OTTO LANDEN, LLNL, HAEJA LEE, UCB, KLAUS WIDMANN, SIEGFRIED GLENZER,
LLNL — The dispersion of electron plasma waves is of fundamental interest as it determines optical properties of matter. We apply x-ray Thomson scattering to
measure the Plasmon dispersion in a solid-density radiatively heated beryllium plasma. A 0.6 mm diameter beryllium cylinder was isochorically heated by x-rays
produced by irradiation of a silver foil with laser pulses of up to 10 kJ of energy at a wavelength of 355 nm. The plasma is probed by chlorine Lyman-alpha line
radiation at 2.96 keV, produced from chlorine containing plastic foils driven by 12 kJ of laser energy. The scattered probe radiation is spectrally resolved with
a high efficiency gated crystal spectrometer in forward direction giving access to the collective scattering regime. By varying the probe source location various
scattering angles have been accessed. The data are compared to the current high-density statistical plasma models.

IWork performed under the auspices of the U.S. Department of Energy by the University of California, Lawrence Livermore National Laboratory under
Contract No. W-7405-ENG-48.



10:54AM B06.00008 Nonequilibrium Conditions in a Shock Front , b.E. FRATANDUONO, M.A. BARRIOS,

T.R. BOEHLY, D.D. MEYERHOFER, D.G. HICKS, P.M. CELLIERS, S. WILKS, LLNL, J.E. MILLER, Lockheed Martin — Recent measurementsEI on shock
waves propagating in TazOs foams showed that the shock temperature did not rise with rising pressure. An explanation is that the electrons are not in
equilibrium with the ions and their temperature rise lags behind the rapidly moving shock front. Results of hydrodynamic simulations that predict such behavior
and provide calculations of optical transport that explain the observations are presented. Experimental methods that could be used to further diagnose this
phenomenon will be discussed. This work was supported by U.S. Department of Energy Office of Inertial Confinement Fusion under Cooperative Agreement No.
DE-FC52-92SF19460.

1 J. E. Miller et al., “Equation-of-State Measurements in TasOs Aerogel,” submitted to the Proceedings of AIP.

11:06AM B0O6.00009 High pressure melt curve and yield strength of high-density carbon!, JH.
EGGERT, D.G. HICKS, P.M. CELLIERS, R.F. SMITH, D.K. BRADLEY, R.S. MCWILLIAMS, G.W. COLLINS, Lawrence Livermore National Laboratory —
Single and double shock temperature measurements have been used to map the melt curve of high-density carbon (diamond) from 6 to ~23 Mbars. Combining
temperature and Hugoniot measurements of the high-density fluid reveal carbon melts from the diamond phase to a chemically complex, perhaps polymeric
carbon phase. Ultra-high density states of carbon well off of the diamond Hugoniot have been explored using ramp wave compression techniques. These ramp
wave experiments have compressed carbon to the highest pressure solid ever studied and were used to map the stress strain of carbon to a stress of ~ 10
Mbars. Finally, the yield strength of single, micro, and nano-crystalline carbon have been measured to several Mbars revealing an ultra-high, rate-dependent,
and orientation dependent elastic limit ranging between 60 and 200 GPa. These measurements have been used to constrain equation of state and strength
models used for designing ICF capsules with high-density carbon ablators.

1This work was performed under the auspices of the U. S. Department of Energy by University of California Lawrence Livermore National Laboratory
under Contract No.W-7405-Eng-48.

11:18AM B06.00010 Design for LTE EOS and opacity experiments using supersonic radiation
waves! , T.E. TIERNEY, R.R. PETERSON, H.E. TIERNEY, Los Alamos National Laboratory — Opacity and EQS at 100-200 eV are important physical
parameters in ICF experiments. We describe an experiment design that uses the supersonic propagation of hohlraum radiation in foams to isochorically heat
samples. Laser and Z-pinch experiments frequently use 150 to 220-eV quasi-blackbody emission from hohlraums to drive physics experiments. A foam target
encapsulated in a gold-wall cylinder is placed next to the hohlraum. The low density and opacity foam captures some hohlraum emission and generates a
supersonically-propagating radiation wave. The material heated by the wave is cooler towards the high-albedo gold wall. Modeling and past measurements
show that core regions of the foam have small thermal gradients. We place a small, thin sample (e.g., Al, Si, or Fe) in the thermally-uniform region. X-ray
emission of tracers and the sample as well as quasi-continuum x-ray absorption will be measured using time-resolved x-ray spectroscopy. The foam’s EOS
can be measured to +5% by blast waves with a well characterized drive. This experiment could use the OMEGA, Z-Beamlet, and/or ZR facilities to explore
temperature-dependent conditions.

1This work is support under the auspices of the US DOE.

11:30AM B06.00011 Wide-Range Equation of State for Ablation Studies of Titanium , pamiaN
SWIFT, THOMAS TIERNEY, ERIC LOOMIS, SHENG-NIAN LUO, Los Alamos National Laboratory, PEDRO PERALTA, Arizona State University — An
equation of state (EOS) for Ti was constructed using electronic structure calculations, based on the plane-wave pseudopotential method for condensed phases
and the atom-in-jellium method in other states. The EOS was adjusted to match the observed STP state using a pressure correction which extrapolates correctly
to zero density. The predicted principal shock Hugoniot was in good agreement with impact-induced shock measurements. The EOS was used to simulate
ablative loading experiments on rolled foils of Ti at the TRIDENT. Laser ablation generated states in the warm dense matter regime. The measured free surface
velocity histories exhibited multiple wave structures indicative of plastic flow and the alpha-omega phase transition. Estimates of the flow stress and the phase
transition pressure on nanosecond time scales were obtained.

11:42AM BO0O6.00012 ab initio Molecular Dynamics simulations of dense boron plasmas up

to the semiclassical Thomas Fermi regime , CLEROUIN JEAN, MAZEVET STEPHANE, LAMBERT FLAVIEN, BOTTIN
FRANCOIS, ZERAH GILLES, CEA/DIF Bruyeres Le Chatel France — We have performed ab initio simulations of dense boron along the 1 and 4 eV
isotherms [1], starting from the regime where quantum mechanical effects are important to the regime where semiclassical simulations based on the Thomas
Fermi approach are, by default, the only simulation method currently available. To overcome the limitations of ab initio simulations at high density,
we have build an “all electron” norm conserving pseudopotential for boron which allows simulations up to 50 times the normal density, pg. We show
that, at high pressure, all electrons ab initio simulations are necessary to get a correct pressure, which is in close agreement with the one given by the,
much faster, Thomas-Fermi molecular dynamics method [2].We further compare the Kubo-Greenwood and the Ziman formulations for the electrical conductivity.
[1] S. Mazevet et al. PRE 75, 056404 (2007).

[2] F. Lambert et al. PRE 73, 016403 (2006).

11:54AM B06.00013 On and off Hugoniot measurements of aluminum using laser driven shock
wave , NORIMASA OZAKI!, Graduate School of Engineering, Osaka University, Japan, MICHEL KOENIG, LULI, Ecole Polytechnique, France, TAKATOSHI
ONO, Graduate School of Engineering, Osaka University, Japan, SHINSUKE FUJIOKA, MITSUO NAKAI, Institute of Laser Engineering, Osaka University,
Japan, ALESSANDRA RAVASIO, CEA, France, KEISUKE SHIGEMORI, KAZUO TANAKA, Institute of Laser Engineering, Osaka University, Japan, KUNIHIKO
WAKABAYASHI, National Institute of Advanced Industrial Science and Technology (AIST), Japan, RYOSUKE KODAMA, Graduate School of Engineering,
Osaka University, Japan — We performed absolute Hugoniot measurements on one of the most important metal, aluminum as a standard material. Shock
and particle velocities were simultaneously measured with a side-on x-ray backlighting technique. The pressure was reached up to around 2 TPa. To know the
off-Hugoniot properties, we also performed reflected shock experiments. Using copper and tantalum anvils, the Al reflected shock states were obtained in TPa
pressure regime. The difference between shock reflection curves from some models is discussed.

1 Also LULI, Ecole Polytechnique, France



12:06PM B0O6.00014 The EOSTA model for opacities and EOS calculations! , AVRAHAM BARSHALOM,
NRCN & Artep, JOSEPH OREG, Artep — The EOSTA model developed recently combines the STA and INFERNO models to calculate opacities and EOS on
the same footing. The quantum treatment of the plasma continuum and the inclusion of the resulted shape resonances yield a smooth behavior of the EOS and
opacity global quantities vs density and temperature. We will describe the combined model and focus on its latest improvements. In particular we have extended
the use of the special representation of the relativistic virial theorem to obtain an exact differential equation for the free energy. This equation, combined with
a boundary condition at the zero pressure point, serves to advance the LDA EOS results significantly. The method focuses on applicability to high temperature
and high density plasmas, warm dens matter etc. but applies at low temperatures as well treating fluids and even solids. Excellent agreement is obtained with
experiments covering a wide range of density and temperature. The code is now used to create EOS and opacity databases for the use of hydro-dynamical
simulations.

1We acknowledge the encouragement of S. Obenschain, Head of the Laser Plasma Branch of the Naval Research Laboratory, and his support funded by
the USDOE.

12:18PM BO06.00015 Transient Formation of Super-Explosives under High Pressure for Fast

Ignlthl’l. , FRIEDWARDT WINTERBERG, University of Nevada, Reno — Dense matter, if put under high pressure, can undergo a transformation from
an atomic to a molecular configuration, where the electron orbits go into lower energy levels. If the rise in pressure is very sudden, for example by a strong shock
wave, the electrons change their orbits rapidly under the emission of photons, which for more than 100 megabar can reach keV energies. With the opacity of
dense matter going in proportion to the square of the density, the photons can be efficiently released from the surface of the compressed matter by a rarefaction
wave. The thusly produced X-ray photons can be used for the fast ignition of a thermonuclear target. Since as for thermite, the conjectured super-explosives
are likely to come from the reaction between two different atoms, they should be made from a mixture of nanoparticles. The proposed mechanism may be also
responsible for the large keV X-ray bursts in exploding wire arrays, which can not be explained by a simple kinetic into thermal energy conversion model.

9:30AM - 9:30AM —

Session BP8 Poster Session |: Laser and Beam Driven Acceleration/Radiation; ICF | and
Laser Plasma Interactions; Shape Control, Diagnostics, Reactor Design; Astrophysical Plasmas:
Experiment and Theory Rosen Centre Hotel Grand Ballroom, 9:30am - 12:30pm

BP8.00001 LASER AND BEAM DRIVEN ACCELERATION/RADIATION —

BP8.00002 Stability of monoenergetic electron beam generation in laser-driven plasma ac-

celeration , EISUKE MIURA, SHIN-ICHI MASUDA, KAZUYOSHI KOYAMA, SUSUMU KATO, National Institute of Advanced Industrial Science and
Technology (AIST) — We have so far reported the generation of monoenergetic electron beams with the energy up to 25 MeV by using a 2-5 TW, 50 fs laser
pulse in laser-driven plasma acceleration.[1,2] In this paper, we will present the generation of more intense monoenergetic electron beams with higher energy.
From a plasma with the electron density of 1.6 x101° cm—3 produced by an 8 TW, 50 fs laser pulse, monoenergetic electron beams with the energy of 40-70
MeV and considerable amount of the charge up to 70 pC have been obtained. The shot-to-shot fluctuations of the energy, energy spread and charge of the
monoenergetic beams were also evaluated. To improve the quality and stability of monoenergetic electron beams obtained by self-injection scheme, the optimum
conditions including the plasma density, laser pulse duration, focusing geometry, and so on are investigated. A part of this work is supported by the Budget for
Nuclear Research of the MEXT.

[1] E. Miura et al., Appl. Phys. Lett. 86 251501(2005).

[2] S. Masuda et al., Phys. Plasmas 14 023103 (2007).

BP8.00003 Guiding of an intense, ultrashort laser pulse in a discharge-produced capillary

plasma for electronacceleration apphcatlon , TAKESHI HIGASHIGUCHI, MASAFUMI HIKIDA, HIROMITSU TERAUCHI, KUN LI,
NOBORU YUGAMI, Utsunomiya University, RYOSUKE KODAMA, ILE, Osaka University — Guiding of an intense laser pulse is supported today’s advanced
technology such as laser wakefield acceleration, x-ray lasers, high-order-harmonic generation, and inverse Compton scattering. The laser-matter interaction length
of a focused laser pulse is fundamentally limited by diffraction to the order of the Rayleigh length, and is further restricted by ionization-induced refraction.
We developed a plasma waveguide for propagating intense laser pulse by use of a capillary discharge plasma. The alumina capillary had a diameter of 300 um
and a length of 10 mm. For present work, the discharge peak voltage and current were 30 kV and 500 A with a pulse width of 100 ns (FWHM), respectively.
The guiding experiments used the laser pulse of the central wavelength of 800 nm from a CPA Ti:sapphire laser with a pulse width of 130 fs (FWHM). A peak
intensity of the laser pulse was 1 x 1016 W/cm? with a spot diameter of 30 um (FWHM) in vacuum. We demonstrated guiding of a laser pulse over length of
up to 10 mm, which corresponded to 10 times the measured Rayleigh length. In addition, we also observed an electron acceleration of around 1 MeV by use of
a 1- cm long gas-filled capillary waveguide at the discharge time of 150 ns.

BP8.00004 Absolute Calibration of Imaging Plate for Electron Spectrometer measuring GeV-

class electrons. , NOBUHIKO NAKANII, KIMINORI KONDO, TOSHINORI YABUUCHI, KAZUKI TSUJI, KAZUO TANAKA, Institute of Laser
Engineering, Osaka University, SHINSUKE SUZUKI, TAKAO ASAKA, KENICHI YANAGIDA, HIROHUMI HANAKI, Japan Synchrotron Radiation Research
Institute/SPring-8, TAKASHI KOBAYASHI, KAZUHIRO MAKINO, TAKAHISA YAMANE, Fuji Film Co., Ltd — An electron spectrometer (ESM) is designed
and tested to measure high-energy electrons generated from ultra-intense laser plasma interactions. In this ESM, Fuji film imaging plate (IP) is often used as
a detector for avoiding the influence by a strong electromagnetic noise. In previous study, IP was calibrated for electron up to 100-MeV in order to obtained
absolute number of high-energetic electron. However, in more recent laser acceleration study 1-GeV monoenergetic electron beam was produced. Therefore, we
performed the absolute calibration of IP for 1-GeV electrons experimentally at SPring-8. The 1-GeV electron beam was generated from Linac for injection to
the storage ring at SPring-8. In the result, it has been proved that IP has sufficient sensitivity for 1-GeV electrons and the absolute sensitivity curve for electrons
up to 1 GeV was obtained.



BP8.00005 PIC Simulations and Analysis of CTR from Electron Bunches Exiting a Plasma!
, PAUL MULLOWNEY, DAVID BRUHWILER, CHRISTINE ROARK, Tech-X Corporation, BILL PETER, Consultant, CAMERON GEDDES, ERIC ESAREY,
WIM LEEMANS, GUILLERME PLATEAU, LOASIS Group, Lawrence Berkeley National Lab — Laser wakefield accelerator (LWFA) concepts are characterized
by ultra-high gradients and ultra-short bunch lengths. These short, nano-Coulomb charge bunches can radiate strongly at THz frequencies via coherent transition
radiation (CTR) as they exit the plasma. Accurate modeling of the CTR in simulations is challenging even for moderately energetic bunches of 5 MeV due to
constraints imposed by the formation length, L, which scales as the inverse fourth power of the angle from the bunch propagation direction to the observer's
position. If the EM fields on a virtual surface near to the plasma are used to calculate the far CTR radiation field, complications arise from the self-fields of
the high-charge bunch. We present results and analysis of PIC simulations of characteristic electron bunches exiting a plasma. We show that by treating the
surface currents as dipole-radiators, we can compute the CTR in the far-field. These techniques are being used to study the effect of plasma density ramps and
other complicating factors.

IWork Supported by US DOE Office of Science, High Energy Physics under grant DE-FG0204ER84097

BP8.00006 Optimization of the LBNL Laser Wakefield Accelerator as a Compact, Powerful
Terahertz Source! , GUILLAUME PLATEAU, NICHOLAS MATLIS, JEROEN VAN TILBORG, KEI NAKAMURA, CAMERON GEDDES, CSABA
TOTH, CARL SCHROEDER, ERIC ESAREY, WIM LEEMANS, Lawrence Berkeley National Laboratory, LOASIS TEAM — At LBNL, laser wakefield accelerators
(LWFA) routinely produce ultrashort electron bunches with energies up to 1 GeV [1]. As femtosecond electron bunches exit the plasma they radiate a strong
burst in the terahertz range [2,3] via coherent transition radiation (CTR). Measuring the CTR properties allows non-invasive bunch-length diagnostics [4],
a key to continuing rapid advance in LWFA technology. We present measurements demonstrating both the shot-to-shot stability of bunch parameters, and
femtosecond synchronization between the bunch, the THz pulse, and the laser beam. In addition we present a technique for enhancing CTR generation from
LWFA-produced electron beams, increasing its suitability for applications.

[1] W.P. Leemans et al., Nature Physics 2, 696 (2006);
[2] W.P. Leemans et al., PRL 91, 074802 (2003);

[3] C.B. Schroeder et al., PRE 69, 016501 (2004);

[4] J. van Tilborg et al., PRL 96, 014801 (2006)

1This work is supported by US DoE Office of High Energy Physics under contract DE-AC03-76SF0098 and DARPA.

BP8.00007 Controlled laser plasma wakefield acceleration of electrons via colliding pulse in-

jection in non-collinear geometry , CSABA TOTH, KEI NAKAMURA, CAMERON GEDDES, DMITRIY PANASENKO, GUILLAUME
PLATEAU, NICHOLAS MATLIS, CARL SCHROEDER, ERIC ESAREY, WIM LEEMANS, Lawrence Berkeley National Laboratory — Colliding laser pulses [1]
have been proposed as a method for controlling injection of electrons into a laser wakefield accelerator (LWFA) and hence producing high quality electron
beams with energy spread below 1% and normalized emittances < 1 micron. The. One pulse excites a plasma wake, and a collinear pulse following behind it
collides with a counterpropagating pulse forming a beat pattern that boosts background electrons into accelerating phase. A variation of the original method
uses only two laser pulses [2] which may be non-collinear. The first pulse drives the wake, and beating of the trailing edge of this pulse with the colliding pulse
injects electrons. Non-collinear injection avoids optical elements on the electron beam path (avoiding emittance growth). We report on progress of non-collinear
experiments at LBNL, using the Ti:Sapphire laser at the LOASIS facility of LBNL. New results indicate that the electron beam properties are affected by the
presence of the second beam.

[1] E. Esarey, et al, Phys. Rev. Lett 79, 2682 (1997)

[2] G. Fubiani, Phys. Rev. E 70, 016402 (2004)

BP8.00008 Trapping and heating with colliding laser pulses! , ERIC ESAREY, C.B. SCHROEDER, E. CORMIER-
MICHEL, C.G.R. GEDDES, W.P. LEEMANS, LBNL, D. BRUHWILER, J.R. CARY, Tech-X — Colliding pulse injection (CPI), in which two counterpropagating
laser pulses intersect in a plasma, has been proposed as a method of injecting short electron bunches into a laser wakefield acceIeratorEl When the two laser
pulses overlap, the laser beat wave alters the momenta and phases of the electrons, allowing trapping in the wakefield. Recent experiments have demonstrated
that CPI is capable of producing energetic electron bunches)’| Here, theory and simulations of the beat wave injection process are presented, allowing the
calculation of the bunch properties such as charge, energy, and duration. Methods for enhancing the amount of trapped charge are proposed and analyzed.

IWork supported by DOE grant DE-AC02-05CH11231
2E. Esarey et al., Phys. Rev. Lett. 79, 2682 (1997); G. Fubiani et al., Phys. Rev. E 70, 016402 (2004).
3J. Faure et al., Nature 444, 737 (2006).

BP8.00009 Optimization Studies of a Multi-GeV Single Stage Laser-Plasma Accelerator! , c.m.
TARKENTON, Institute for Advanced Physics, B.A. SHADWICK, Department of Physics and Astronomy, University of Nebraska Lincoln and Institute for
Advanced Physics, C.B. SCHROEDER, E. ESAREY, LOASIS Program, LBNL — Using a self-consistent Hamiltonian model of beam transport in a background

plasmeEl we consider the design of a single stage, multi-GeV plasma accelerator. In this model the beam is described by phase-space moments and the bulk
plasma is taken to be a cold fluid. We present a detailed study of beam propagation in a resonant laser-wakefield accelerator with final energy gain between 5
and 10 GeV. We discuss optimization of the system with regard to energy gain and beam quality.

1Supported by the Institute for Advanced Physics, the University of Nebraska, and by US DoE contract DE-AC02-05CH11231
2B. A. Shadwick, G. M. Tarkenton and C. B. Schroeder, Bull. Am. Phys. Soc., 50, 283 (2005).

BP8.00010 Reduced Phase-Space Models of Intense Laser-Plasma Interactions! , B.A. SHADWICK,
Department of Physics and Astronomy, University of Nebraska Lincoln and Institute for Advanced Physics, C.B. SCHROEDER, LOASIS Program, LBNL, G.M.
TARKENTON, Institute for Advanced Physics, E. ESAREY, LOASIS Program, LBNL — We undertake a detailed comparison of a variety of reduced models
— moment based descriptions: WarnEl and cold fluids as well as fixed-shape distributions: water bag, etc. — to direct solutions of 1-D Vlasov equatiorﬂ We
examine the quality of the agreement between the various models as a function of both initial plasma temperature and plasma wave amplitude. We determine
parameter regimes of validity for the various reduced models and comment on applicability of these models to studying laser-driven plasma accelerators.

1Supported by the University of Nebraska, the Institute for Advanced Physics and by US DoE contract DE-AC02-05CH11231

2B. A. Shadwick, G. M. Tarkenton and E. H. Esarey, Phys. Rev. Lett.93, 175002 (2004).

3B. A. Shadwick, G. M. Tarkenton, E. Esarey, and C. B. Schroeder, “Fluid and Vlasov Models of Low-Temperature, Collisionless, Relativistic Plasma
Interactions,” Physics of Plasmas 12, 056710 (2005).



BP8.00011 Simulation of 1 GeV laser wakefield accelerator experiments and scaling to 10 GeV!
, ESTELLE CORMIER-MICHEL, C.G.R. GEDDES, W.A. ISAACS, N. STINUS, E. ESAREY, C.B. SCHROEDER, W.P. LEEMANS, LBNL, D.L. BRUHWILER,
J.R. CARY, Tech-X — Recent laser-plasma accelerator experiments at LBNL have demonstrated the production of high quality 0.5 and 1.0 GeV electron
beamsEl In these experiments, the 10-40 TW laser pulse was guided in a 3 cm long capillary discharge plasma channel. Particle-In-Cell (PIC) simulations
provide information not accessible from experiments on the nonlinear laser-plasma interaction that governs the accelerator internal dynamics. Simulations show
that high quality electron bunches are formed by self-trapping of electrons in the wake, followed by loading of the wake by the trapped bunch, creating a bunch
of electrons isolated in phase space. A narrow energy spread beam is then obtained by extracting the bunch as it outran the accelerating phase of the wake.
Simulations in 2D and 3D showing details on the electron bunch, wakefield, and laser evolution are presented and compared to experimental results. Simulations
on scaling these experiments to the 10 GeV level are also presented.

IWork supported by DOE grant DE-AC02-05CH11231.
2W.P. Leemans et al., Nature Physics 2, 696 (2006)

BP8.00012 Experimental Demonstration of 1 GeV Energy Gain in a Laser Wakefield Accel-

erator , ANTHONY GONSALVES, KEI NAKAMURA, CSABA TOTH, CARL SHROEDER, ESTELLE CORMIER-MICHEL, WIM LEEMANS, LBNL, D.
BRUHWILER, JOHN CARY, Tech-X, SIMON HOOKER, ERIC ESAREY, DMITRIY PANASENKO, LBNL, LOASIS TEAM, TECH-X TEAM, OXFORD UNI-
VERSITY TEAM — GeV-class electron accelerators have a broad range of uses, including synchrotron facilities, free electron lasers, and high-energy particle
physics. The accelerating gradient achievable with conventional radio frequency (RF) accelerators is limited by electrical breakdown within the accelerating
cavity to a few tens of MeV, so the production of energetic beams requires large, expensive accelerators. One promising technology to reduce the cost and size
of these accelerators (and to push the energy frontier for high-energy physics) is the laser-wakefield accelerator (LWFA), since these devices can sustain electric
fields of hundreds of GV/m. In this talk, results will be presented on GeV-class beams using an intense laser beam. Laser pulses with peak power ranging
from 10-40TW were guided in gas-filled capillary discharge waveguides of length 15mm and 33mm, allowing the production of high-quality electron beams with
energy up to 1 GeV. The electron beam characteristics and laser guiding, and their dependence on laser and plasma parameters will be discussed and compared
to simulations.

BP8.00013 A 10 GeV laser driven accelerator: the BELLA project' , w.p. LEEMANS, O. ALBERT?, E.
ESAREY, C.G.R. GEDDES, A. GONSALVES, N.H. MATLIS, K. NAKAMURA, D. PANASENKO, G.R. PLATEAU, C.B. SCHROEDER, CS. TOTH, LBNL, D.L.
BRUHWILER, J.R. CARY, Tech X Corp, M. BAKEMAN, E. CORMIER-MICHEL, T. COWAN, UNR, S.M. HOOKER, Oxford University — GeV class beams
have been generated from a laser driven acceleratorEI The experiments used a cm-scale capillary discharge produced plasma channel to guide and control the
process of acceleration, similar to the use of laser produced channelsﬂjand 40 TW laser pulses. Lower plasma density and cm-scale channel length resulted in
up to 1 GeV beams, in good agreement with simulations. This forms the basis for the next milestone experiment: a 10 GeV laser driven accelerator. As part of
the BELLA project at LBNL, scaling of these experiments to the 10 GeV level is now underway. We will discuss experimental plans for the implementation of a
1 m scale channel guided laser wakefield accelerator and a petawatt class laser system.

1Work supported by DOE grant DE-AC02-05CH11231.

2on sabbatical from LOA, France

3W.P. Leemans et al., Nature Physics 2, 696-699 (2006); K. Nakamura et al., Phys. Plasmas 14, 056708 (2007)
4C.G.R. Geddes et al., Nature 431, 538-541 (2004)

BP8.00014 A Novel Source of Injection Electrons for a Capillary Waveguide Accelerator, cHris
MCGUFFEY, University of Michigan Focus Center, TAKESHI MATSUOKA, UM Focus, MICHAEL LEVIN, Hebrew University, STEPAN BULANQOV, VLADIMIR
CHVYKOV, GALINA KALINCHENKO, STEPHEN REED, PASCAL ROUSSEAU, VICTOR YANOVSKY, UM Focus, ARIE ZIGLER, Hebrew University, KARL
KRUSHELNICK, ANATOLY MAKSIMCHUK, UM Focus — Electron beams with quasimonoenergetic and/or broadband energy spectra have been produced
by focusing a high-intensity (Hl)laser (30TW 35fs Ti:Sapphire) through an ablated plasma plume. The plasma is ablated from a flat material by focusing a
pulsed Nd:YAG laser. The characteristics of the electron beam produced are determined by the plasma density seen by the HI pulse, which can be controlled by
varying the delay between ablation and the HI pulse, the ablation material, and the distance between the laser axis and ablation surface. These electron beams
are candidates for injection into a capillary plasma waveguide. Capillary waveguides offer the possibility of staging or tapering to overcome the limitation of
dephasing length. This injection scheme could lead to high charge, quasimonoenergetic beams with energy on the order of 1GeV. Such beams could assume
some of the roles of conventional accelerators and may offer applications in medicine, biology, and solid state physics.

BP8.00015 Analysis of Trajectories and Multi-Dimensional Phase Space Diagrams for Elec-

trons Injected Orthogonal to Plasma Waves, and Laser and Scattered Radiation , ARNESTO BOWMAN,
RONALD WILLIAMS, Florida A&M University — Plasma waves have been shown to be capable of accelerating electrons over very short distances beyond what
is capable by conventional accelerators. The orthogonal injection of electrons is being explored as a diagnostic to infer the amplitude of the large accelerating
electric fields associated with plasma wave accelerators. The orthogonal geometry suggests that the particles have trajectories in three dimensions, and we
will describe simulation studies of these trajectories. We will also discuss the results of our studies of the multi-dimensional phase space diagrams of electron
dynamics in the lab and wave frames. We also describe the changes to the trajectories and diagrams that occur when transverse laser fields and scattered laser
radiation fields are included with the longitudinal plasma wave fields. It is necessary for electron beams used for plasma wave diagnostics to have very small
transverse emittance. We describe our studies of scanning and photographic methods for measuring beam emittance in our experiments. We are attempting to
characterize our thermionic cathode and to compare the predicted emittance, based on power input, with the emittance measured using our apparatus.

BP8.00016 Beam loading in the blowout regime of laser/plasma wakefield acceleration.!, MiCHAIL
TZOUFRAS, WEI LU, CHENGKUN HUANG, FRANK TSUNG, WARREN MORI, UCLA, JORGE VIEIRA, RICARDO FONSECA, LUIS SILVA, IST (Portugal)
— The amount of charge, the final energy, and the quality of the charged particle beam that is generated from a plasma-based accelerator depends on how
the charge is loaded into the wake. In recent experiments the wakes are created by either the radiation pressure of the laser or the space-charge force of the
electron beam expelling the plasma electrons outward. We present a theory for beam loading valid for such nonlinear multi-dimensional wakes. We start from
the equation for the blowout radius derived by Lu et al. [1]. Analytical solutions are found for this equation when the wake is loaded by flat-top or trapezoidal
electron beams. As a result expressions for the accelerating field, the shape of the bubble and the amount of charge are obtained. These are compared to those
predicted by the linear theory of Katsouleas et al. [2]. We also discuss the optimum current profile to minimize the final energy spread while maximizing the
mean energy and the number of particles. [1] W. Lu et al, Phys. Rev. Lett. 96, 165002 (2006). [2] T. Katsouleas et al, Particle Accelerators, 1987, Vol. 22,
pp. 81-99.

Work supported by: DE-FG03-92ER40727, DE-FG52-06NA26195, DE-FC02-01ER41179, DE-FG02-03ER54721, NSF-Phy-0321345.



BP8.00017 Simulation and calculation of particle trapping using a quasistatic simulation code!
, SEPEHR MORSHED, JOHN PALASTRO, THOMAS ANTONSEN, IREAP, University of Maryland, CHENGKUN HUANG, WARREN MORI, UCLA — In
LWFA schemes the laser pulse must propagate several centimeters and maintain its coherence over this distance, which corresponds to many Rayleigh lengths.
These Wakefields and their effect on the laser can be simulated in quasistatic approximation [1, 2]. In this approximation the assumption is that the driver
(laser) does not change shape during the time it takes for it to pass by a plasma particle. As a result the particles that are trapped and moving with near-luminal
velocity can not be treated with this approximation. Here we have modified the 2D code WAKE with an alternate algorithm so that when a plasma particle gains
sufficient energy from wakefields it becomes trapped to satisfy the trapping conditions. Similar implementations have been made in the 3D cod QUICKPIC [2].
We also have done simulation and comparison of results for centimeter scale GeV electron accelerator experiments from LBL [3] with WAKE. These changes in
WAKE will give users a tool that can be used on a desk top machine to simulate GeV acceleration. [1] P. Mora and T. M. Antonsen Jr., Phys Plasma 4, 217
(1997) [2] C. Huang et al. Comp Phys. 217 (2006) [3] W. P. Leemans et al. Nature Phys 2, 696 (2006) Letters

1Work supported by DOE.

BP8.00018 Design and simulation of a single 100GeV stage Laser Wakefield Accelerator.!
WEI LU, MICHAIL TZOUFRAS, CHENGKUN HUANG, FRANK TSUNG, WARREN MORI, UCLA, JORGE VIEIRA, RICARDO FONSECA, LUIS SILVA, IST
(Portugal), JAMES COOLEY, THOMAS ANTONSEN, U. Maryland — The design of a laser wakefield accelerator involves understanding and control of
various plasma physics phenomena related to the laser evolution, the response of the plasma medium and its effect on the accelerating particles. Within the
framework developed by W. Lu et al. [1] we study these phenomena in the weakly nonlinear blowout regime, where the laser power is similar to the critical
power for self-focusing. High quality electron beams can be accelerated in this regime in a single stage with average gradient 3.6GeV/m to reach 100 GeV. Full
and reduced particle-in-cell simulations are presented to illuminate the physics and verify the applicability of the design.

[1] W. Lu et al, “Generating multi-GeV electron bunches using single stage laser wakefield acceleration in a 3D nonlinear regime,” Phys. Rev. ST
Accel. Beams 10, 061301 (2007)

IWork supported by: DE-FG03-92ER40727, DE-FG52-06NA26195, DE-FC02-01ER41179, DE-FG02-03ER54721, NSF-Phy-0321345.

BP8.00019 Detailed numerical modeling of electron injection in the Laser Wakefield Accelera-

tor: Particle Tracking Diagnostics in PIC codes, RA. FONSECA, ISCTE - Lisbon, IST - Lisbon, L. GARGATE, S.F. MARTINS,
F. PEANO, J. VIEIRA, L.O. SILVA, IST - Lisbon, W.B. MORI, UCLA — The field of laser plasma acceleration has witnessed significant development over
recent years, with experimental demonstrations of the production of quasi mono-energetic electron bunches, with charges of ~ 50 pC and energies of up to
1 GeV [1]. Fully relativistic PIC codes, such as OSIRIS [2] are the best tools for modeling these problems, but sophisticated visualization and data analysis
routines [3] are required to extract physical meaning from the large volumes of data produced. We report on the new particle tracking diagnostics being added
into the OSIRIS framework and its application to this problem, specifically targeting self-injection. Details on the tracking algorithm implementation and post
processing routines are given. Simulation results from laser wakefield accelerator scenarios will be presented, with detailed analysis of the self injection of the

electron bunches.
[1] W.P. Leemans et al, Nature Phys. 2 696 (2006)

[2] R. A. Fonseca et al., LNCS 2331, 342, (2002)
[3] R. A. Fonseca, Proceedings of ISSS-7, (2005)

BP8.00020 Self-Steepening of intense laser pulses in plasmas , JORGE VIEIRA, FREDERICO FIUZA, LUIS SILVA,
GoLP/Centro de Fisica dos Plasmas, Instituto Superior Técnico — In state-of-the-art Laser Wake Field Acceleration (LWFA) experiments [1], the self-modulations
of the laser pulse (both transverse and longitudinal) play an important role in the enhancement of the plasma wave, which can trap, accelerate and lead to
quasi-mono-energetic electron beams. In this work, the self-steepening of intense laser pulses is studied analytically resorting to the photon-kinetic theory [2].
Rates for the growth of self-steepening in the early laser propagation are provided in the long and short pulse limits, and in the weakly and ultra relativistic
regimes. Thresholds for the on-set, maximum and minimum growth of self-steepening are determined. We find very good agreement between the analytical
model and one-dimensional PIC simulations with OSIRIS [3]. Implications of our results to state-of-the-art LWFA experiments are discussed.

[1] W.P. Leemans et al Nat. Phys., 2 (10), 696-699 (2006)
[2] L.O. Silva et al, IEEE TPS 28 (4) 1128-1134 (2000)
[3] R. A. Fonseca et al, LNCS 2331, 342-351, (Springer, Heidelberg, 2002).

BP8.00021 Creation of a multi-centimeter low density plasma channel using high magnetic

fields! , B. POLLOCK, UC San Diego, D.H. FROULA, P. DAVIS, LLNL, J.S. ROSS, UC San Diego, A. COLLETTE, UC Los Angeles, L. DIVOL, P.
MICHEL, N. MEEZAN, Lawrence Livermore National Laboratory, G. TYNAN, UC San Diego, S.H. GLENZER, Lawrence Livermore National Laboratory —
We will present experimental results that show the formation of a laser produced plasma channel when applying a large external magnetic field. This channel
is suitable for guiding laser beams and is directly applicable to wakefield acceleration and short pulse laser amplification. This is accomplished by applying
a technique that has been established at the Jupiter Laser Facility; an external magnetic field is used to prevent radial heat transport [D. H. Froula et.al.,
Phys. Rev. Lett. 98, 135001 (2007)] resulting in an increased temperature gradient. Temporally resolved Thomson-scattering measurements of the electron
temperature profile in large magnetic fields show that the heat front, transverse to a high-power laser beam, is slowed resulting in extremely strong local heating.
This strong local heating produces a density channel that is measured with interferometry for densities between 107 cm—3 to 10® cm~3.

1This work was partially supported by LDRD 06-ERD-056 and performed under the auspices of the U.S. Department of Energy by the Lawrence
Livermore National Laboratory under Contract No. W-7405-ENG-48.

BP8.00022 Electron Acceleration by a Tightly Focused Laser Pulse , k.1 POPOV, University of Alberta,
Edmonton, Alberta, Canada, V. YU. BYCHENKOV, P.N. Lebedev Physics Institute. Moscow, Russia, W. ROZMUS, R. SYDORA, University of Alberta,
Edmonton, Alberta, Canada — By using the test particle approach we have studied electron vacuum acceleration including nonadiabatic effects and synchronized
trajectories which correspond to particles experiencing constant phase of electromagnetic fields and subluminous phase velocity. After the averaging over the
laser field phase, the energy and emission angle distributions versus the electron positions in the focal region have been obtained. The most effective acceleration
was found for electrons placed at laser beam axes at the distance comparable to the Rayleigh length before the best focus position. The correlations between
electron energies and the emission angles were studied. We also obtained the dependence of the maximum electron energy on the focal spot size. Results of
test particle studies guided 3D particle-in-cell simulations with thin foil targets for the best conditions for electron acceleration in the Coulomb explosion regime.



BP8.00023 Petawatt laser-driven wakefield accelerator: All-optical electron injection via col-

lision of laser pulses and radiation cooling of accelerated electron bunches.! , SERGUEI KALMYKOV, YOAV
AVITZOUR, S. AUSTIN YI, GENNADY SHVETS, IFS, The University of Texas at Austin — We explore an electron injection into the laser wakefield accelerator
(LWFA) using nearly head-on collision of the petawatt ultrashort (~30 fs) laser pulse (driver) with a low- amplitude laser (seed) beam of the same duration
and polarization. To eliminate the threat to the main laser amplifier we consider two options: (i) a frequency-shifted seed and (ii) a seed pulse propagating
at a small angle to the axis. We show that the emission of synchrotron radiation due to betatron oscillations of trapped and accelerated electrons results
in significant transverse cooling of quasi- monoenergetic accelerated electrons (with energies above 1 GeV). At the same time, the energy losses due to the
synchrotron emission preserve the final energy spread of the electron beam. The “dark current” due to the electron trapping in multiple wake buckets and the
effect of beam loading (wake destruction at the instant of beams collision) are discussed.

IThis work is partly supported by U.S. D.o.E. under Contracts No. DE-FG02-04ER54763, DE-FG02-04ER41321, DE-FG02-07ER54945, and by the NSF
grant PHY-0114336 administered by the FOCUS Center at the University of Michigan, Ann Arbor.

BP8.00024 Relativistic self-focusing of multi-color laser pulses in plasmas.! , G. SHVETS, S. AUSTIN VI,
S. KALMYKOV, IFS, The University of Texas at Austin — An intense laser beam (with a power less than critical for the relativistic self-focusing) can be guided
in plasmas with the help of an additional small-amplitude co-propagating beam (few- percent of the main beam energy). The guiding is effective if the beams’
frequency detuning is slightly below the electron plasma frequency. The enhanced guiding is caused mostly by the near-resonantly driven 3D electron density
perturbation (plasma beatwave). Another intriguing effect of the nonlinear guiding of ultra-short (< 1/wp) radiation spikes is observed during the later stage
of laser propagation. Periodic train of such spikes is self-consistently generated via electromagnetic cascading [S. Kalmykov and G. Shvets, Phys. Rev. Lett.
94 235001 (2005); Phys. Rev. E 73 046403 (2006)]. The guiding effect of the plasma wave partly suppresses the diffraction and results in a multi-centimeter
guided propagation of the intense pulse train. Acceleration of externally injected electrons in the cascade-driven wake is quasi-monoenergetic and is characterized
by low normalized transverse emittance and near-GeV energy gain.

1 This work is partly supported by U.S. D.o.E. under Contracts No. DE-FG02-04ER54763, DE-FG02-04ER41321, DE-FG02-07ER54945, and by the NSF
grant PHY-0114336 administered by the FOCUS Center at the University of Michigan, Ann Arbor.

BP8.00025 Direct ion acceleration with variable-frequency lasers , FABIO PEANO, JORGE VIEIRA, RICARDO
FONSECA, LUIS SILVA, GoLP/CFP, Instituto Superior Tecnico, Lisboa, Portugal, GIANNI COPPA, ROBERTA MULAS, Politecnico di Torino, ltaly — Laser-
based ion acceleration commonly relies on indirect schemes, in which the ions are accelerated by the space-charge field in laser-irradiated solid targets, either
via plasma-expansion processes [1], or resorting to electrostatic shock structures [2]. Here, we propose the production of monoergetic ion beams via direct
acceleration by the laser field (in vacuum or in tenuous plasmas) [3]. The method exploits two counterpropagating lasers with variable frequency to drive a
beat-wave structure with variable phase velocity: the ions are trapped in the beat wave and accelerated to high energies. The physical mechanism is described
with a 1D theory, providing the general conditions for trapping and scaling laws for the relevant ion-beam features. The validity and the robustness of the
method are confirmed by 2D PIC simulations with OSIRIS [4].

[1] J. Fuchs et al., Nature Phys. 2, 48 (2006); L. Robson et al., Nature Phys. 3, 58 (2007); B.M. Hegelich et al., Nature 439, 441 (2006).
[2] L.O. Silva et al., Phys. Rev. Lett. 92, 015002 (2004).

[3] F. Peano et al., submitted for publication (2007).

[4] R. A. Fonseca et al., Lect. Notes Comp. Sci. 2331, 342 (Springer-Verlag, Heidelberg, 2002).

BP8.00026 On The Possibility of Accelerating Positron on an Electron Wake , XIAODONG WANG, TOM
KATOULEAS, PATRIC MUGGLI, USC, RASMUS ISCHEBECK, SLAC — A new approach for positron acceleration in non-linear plasma wakefields driven by
electron beams is presented. Positrons can be produced by colliding an electron beam with a thin foil target embedded in the plasma. Integration of positron
production and acceleration in one stage is realized by a single relativistic, intense electron beam. Simulations with the parameters of the proposed SABER
facility at SLAC suggest that this concept could be tested there.

BP8.00027 Study of relative ion acceleration efficiencies from laser-solid interactions! , cHRISTO-
PHER MURPHY, ENAM CHOWDHURY, JOHN MORRISON, LINN VAN WOERKOM, The Ohio State University, KARL KRUSHELNICK, University of
Michigan, RICHARD FREEMAN, The Ohio State University — The production of high-energy proton and ion beams has important applications in many areas
of science including inertial fusion energy, laboratory astrophysics and compact particle sources for use in radiography and medical oncology. Utilizing laser
plasma interactions (LPI) for such a source is garnering support from the various communities due to its potential to be compact and mobile. Recent studies
have suggested that while increasing the laser intensity in LPls is important for high energy ion production, moving to ultrashort (sub-picosecond) laser pulses
may not be as effective as increasing the energy. An experimental study of this hypothesis will be presented, comparing the ion beam spectrum, charge and
spatial quality using both magnetic spectrometers and film stacks.

IThis work was supported by the Air Force Office of Scientific Research grant number FA9550-07-1-0088

BP8.00028 A high gradient plasma wakefield accelerator using two subpicosecond electron

bunches , EFTHYMIOS KALLOS, PATRIC MUGGLI, TOM KATSOULEAS, USC, KARL KUSCHE, IGOR PAVLISHIN, IGOR POGORELSKY, DANIIL
STOLYAROV, VITALY YAKIMENKO, BNL, WAYNE KIMURA, STI Optronics, Inc — A high gradient plasma wakefield accelerator was tested at the Accelerator
Test Facility of Brookhaven National Lab. Two ~100fs electron bunches with total charge of 0.5nC separated by ~500fs were fed into a 6mm long high density
(1el4d/cc to 1el7/cc) plasma generated by an ablative capillary discharge. The drive bunch created a ~300MV/m wakefield that was sampled by the short
witness bunch. The relative position of the witness bunch with respect to the drive bunch wakefield could be adjusted by varying the plasma density, thus
allowing controllable energy loss or energy gain with small energy spread. The experimentally observed energy shifts are in good agreement with 2D model
predictions.

BP8.00029 Beam head erosion in self-ionized plasma wakefield accelerators , MiAoMIAO ZHOU, CHRIS
CLAYTON, CHENGKUN HUANG, CHAN JOSHI, WEI LU, KEN MARSH, WARREN MORI, UCLA, TOM KATSOULEAS, PATRIC MUGGLI, ERDEM OZ, USC,
MELISSA BERRY, IAN BLUMENFELD, FRANZ-JOSEF DECKER, MARK HOGAN, RASMUS ISCHEBECK, RICHARD IVERSON, NEIL KIRBY, ROBERT
SIEMMAN, DIETER WALZ, SLAC — In the recent plasma wakefield accelerator experiments at SLAC, the energy of the particles in the tail of the 42 GeV
electron beam were doubled in less than one meter [1]. Simulations suggest that the acceleration length was limited by a new phenomenon — beam head erosion
in self-ionized plasmas. In vacuum, a particle beam expands transversely in a distance given by beta*. In the blowout regime of a plasma wakefield [2], the
majority of the beam is focused by the ion channel, while the beam head slowly spreads since it takes a finite time for the ion channel to form. Beam/plasma
parameter scan in a large range using simulations shows that in self-ionized plasmas, the head spreading is exacerbated compared to that in pre-ionized plasmas,
causing the ionization front to move backward (erode). A theoretical analysis on the erosion rate dependence on beam/plasma parameters and its implications
on future afterburner relevant experiments will be provided. [1] I. Blumenfeld et al., Nature 445, 741(2007) [2] J. B. Rosenzweig et al., Phys. Rev. A 44,
R6189 (1991)



BP8.00030 Spectral Modulation of Self-Guided Laser Pulses , ARTHUR PAK, JOE RALPH, KEN MARSH,
CHENGKUN HUANG, FANG FANG, CHRIS CLAYTON, CHAN JOSHI, University of California Los Angeles — In this paper the experimental results of
spectral modulation of a self-guided laser pulse in an underdense plasma will be presented. Experiments were conducted using an ultrashort laser pulse (~50
fs) generated from the UCLA Ti:Sapphire laser system capable of delivering up to 10 TW of power. A gas jet was used to create a dense column of helium
gas which the laser pulse ionized and self-guided through. By varying the laser pulse width, laser energy, gas jet density and gas jet length, different physical
mechanisms of self-guiding were explored. In these experiments the guided laser pulse was spectrally and spatially resolved using a .25 m imaging spectrograph
with 1.2 nm spectral resolution and 13 um spatial resolution. Evidence of photon acceleration / deceleration due to the laser pulse interacting with density
oscillations of a plasma wakefield will be presented and compared to simulation results. Additionally using the imaging spectrograph the percentage of the laser
energy that was self-guided was determined.

BP8.00031 3D PIC Simulations of Laser Produced Plasma Expansion with Large Ion Larmor

Radiust , MASANORI NUNAMI, AKIRA TAKATA, KATSUNOBU NISHIHARA, Institute of Laser Engineering, Osaka University, CSN TEAM — We have
investigated expansion of laser produced cluster plasma in a strong magnetic field using 3D PIC simulation. Since initial electron pressure of laser heated cluster
is much higher than magnetic pressure, electrons first expand and ions are accelerated outward due to electric field generated by expanding electrons. In the
expansion of cluster plasma in magnetic field, ion Larmor radius is much larger than the initial cluster size, while electron Larmor radius is much smaller than
the cluster size, namely, Re << Ro << Ri, where Re(i) is Larmor radius of electron (ion) and Ro is the initial cluster size. Accelerated ions expand up to about
their Larmor diameter. Therefore magnetized electron surface separates from ion surface. The surface of magnetized electrons is unstable for the flute type
instability mainly due to the inward-directed electric field created by streaming ions with large Larmor radius [1]. However we found that ion surface is relatively
stable, which is different from previous works.

[1] B. H. Ripin et al, Phys. Fluids B5, 3491 (1993).

LA part of this work was performed under the auspices of MEXT under contract subject ” Leading project for EUV lithography source development.”

BP8.00032 ICF I AND LASER PLASMA INTERACTIONS —

BP8.00033 Update on Specifications for LMJ Ignition Targets , GIORLA JEAN, CEA, CHERFILS CATHERINE,
GALMICHE DIDIER, GAUTHIER PASCAL, LAFFITE STEPHANE, MASSE LAURENT, POGGI FRANCOISE, QUACH ROBERT, SEYTOR PATRICIA — The
Laser Mégajoule (LMJ) facility will deliver up to 1.40 MJ of 0.35 um light in 160 beams in a first step. The targets for the first ignition experiments rely
on indirect drive and use plastic capsules doped with germanium. The target fabrication specifications are the result of an extensive robustness study where
all fabrication, laser and experimental errors are taken into account. This study is complete for the ‘baseline’ target A1040 designed for 240 beams and is in
progress for lower laser energy targets. The target dispersions are regrouped into 1D errors, which keep the implosion spherical, and 3D errors, which induce a
deformation of the DT shell. The 3D robustness is expressed in terms of non linear deformation at peak velocity and compared to the deformation threshold
obtained with 2D simulations. We have performed an experimental design method based on 2000 1D-simulations, which gives the fusion energy as a function
of the 22 1D-parameters and allows us to estimate the 1D-margin, as a function of DT aging and DT gas density for a given temperature law.

BP8.00034 NIF ignition target requirements, margins, and uncertainties' , STEVEN HAAN, JAY
SALMONSON, DANIEL CLARK, DEBRA CALLAHAN, BRUCE HAMMEL, LAURANCE SUTER, JOHN EDWARDS, JOHN LINDL, Lawrence Livermore
National Laboratory — We describe simulations of NIF ignition targets, concentrating on a point design target that uses 1.3 MJ to drive a hohlraum to 285eV.
The point design capsule has 5 layers of varying Cu dopant to minimize RT instability growth. A set of requirements has been developed that describes all
aspects of the target, its fabrication and fielding, the laser pulse, and the features of the pre-ignition experiments that are needed to finalize the design. We
describe a model that characterizes the margin of the target as a function of the input parameters and uncertainties. The model has been normalized to 1D, 2D,
and 3D simulations. It has been used to define and update the point design, to quantify the impact of each requirement, and to ensure that the requirements
are optimally defined. The model can be used to project the probability of ignition, as shot-to-shot variations and more globally given systematic errors. There
are several backup targets that are being kept active, including other drive temperatures from 270 to 300eV, CH ablators, and high density C ablators. The
relative performance, and specific pertinent issues, regarding these targets are described.

1This work was performed under the auspices of the U.S. Department of Energy by the University of Californial Lawrence Livermore National Laboratory
under contract No. W-7405-ENG-48.

BP8.00035 Plans for and Progress Towards and Inertial Confinement Fusion Code from the

Crestone PrOJeCt , JOHN WOHLBIER, Los Alamos National Laboratory, CHARLES WINGATE, THOMAS MASSER, GREGORY BOWERS,
MICHAEL SORICE, LANL, CRESTONE PROJECT CODE TEAM TEAM — The Crestone Project at Los Alamos National Laboratory has recently released
cassio, a code for use in simulating Inertial Confinement Fusion. The initial release of cassio included a radiation hydrodynamics capability, a 3T plasma physics
model [1], and a laser ray tracing capability [2], all implemented on an Eulerian AMR mesh. Future enhancements to the code will include higher order radiation
transport, improved plasma models (e.g., electron, ion, and radiation temperatures per material in mixed cells), charged particle transport, thermonuclear burn,
and conformal AMR meshes to ensure symmetric capsule implosions. In this paper we detail the existing models in cassio and lay out our plans for the future

code enhancements.
[1] J.G. Wohlbier, Los Alamos National Laboratory Report, LAUR pending, (2007).

[2] M. Sorice, Los Alamos National Laboratory Report, LAUR pending, (2007).

BP8.00036 Colliding plasmas in laser irradiated cavities studied with soft x-ray interferometry!
, JORGE FILEVICH, Colorado State University, MIKE PURVIS, JONATHAN GRAVA, MARIO C. MARCONI, JORGE ROCCA, CSU; JAMES DUNN, STEPHEN
J. MOON, LLNL, VYACHESLAV SHLYAPTSEV, UC Davis, ELA JANKOWSKA, WUT, NSF ERC FOR EXTREME ULTRAVIOLET SCIENCE AND TECH-
NOLOGY, COLORADO STATE UNIVERSITY COLLABORATION, LAWRENCE LIVERMORE NATIONAL LABORATORY COLLABORATION, UNIVERSITY
OF CALIFORNIA DAVIS AT LIVERMORE COLLABORATION, WROCLAW UNIVERSITY OF TECHNOLOGY, WROCLAW, POLAND COLLABORATION —

Electron density maps of dense converging plasmas created by laser irradiation of semi-cylindrical and V—shaped targets at | = 1 x 10'2 W/cm? were obtained
with soft x-ray laser interferometry (A = 46.9 nm). In the case of the cylinders, the plasma expands off the target surface converging in a focal region, creating a

concentrated plasma where the electron density build-up exceeds 1 x 102 cm~3. The plasma in the V-shaped targets concentrates along the symmetry plane of
the target where collisions redirect the plasma forming, early on in the evolution, a narrow jet-like plasma. The measurements were compared with simulations
obtained using the code HYDRA.

IWork sponsored by the NNSA-SSAA program through DOE Grant # DE-FG52-060NA26152 and the U.S. DOE Lawrence Livermore National Labo-
ratory through ILSA, under contract No. W-7405-Eng-48.



BP8.00037 Progress in High-Energy-Density Plasma Jet Theoretical Research!, CHIPING CHEN, JING
ZHOU, Plasma Science and Fusion Center, Massachusetts Institute of Technology, Cambridge, MA 02139 — A self-consistent phase-space moment description is
developed for high-energy-density plasma jets. The phase-space moment theory is the truncated moment average of the kinetic equation. Using the phase-space
moment theory, the root-mean-square (rms) envelope equations, which describe the orientation and size of the plasma jet, are derived for high-energy-density
plasma jets. The envelope equations are demonstrated to agree with the virial theorem. To study the role of magnetic field helicity in plasma jet compression,
a simplified model of a plasma jet is employed, and a complete set of equations governing the plasma jet is derived. The characteristic distance over which the
compression occurs is calculated.

IResearch supported by Department of Energy, Office of Fusion Energy Science, Grant No. DE-FG02-05ER54836.

BP8.00038 Acceleration of thin flyer foils with a 1 MA pulsed power device for shock-wave

experiments in clumpy foam targetsl , STEPHAN NEFF, JESSICA FORD, DAVID MARTINEZ, CHRISTOPHER PLECHATY, SANDRA
WRIGHT, RADU PRESURA, University of Nevada, Reno — The dynamics of shock waves in clumpy media are important for understanding many astrophysical
processes, including the triggering of star formation in interstellar gas clouds by passing shock waves. This phenomena can be studied in the laboratory by
launching a flyer plate into a low density foam with clumps. Low density foams offer the advantage of relative low sound speeds (a few hundred meters per
second) compared to normal solids, thus reducing the flyer speed required to create shock waves. In first experiments aluminum foils with thicknesses between
20 micrometer and 130 micrometer were accelerated to speeds up to 2.3 km/s. In addition, the impact of the flyers on plexiglas targets was studied. Additional
measurements will focus on optimizing the flyer properties (thicker flyers, higher velocities) and on characterizing the flyer in more detail (temperature of the
flyer and plasma ablation from the flyer). The results of these measurements will be used to design an experiment studying the dynamics of shock waves in
clumpy foams, using the 100 TW laser system Leopard for back-lighting the foam target.

IDOE NNSA Grant DE-FC52-06NA27616

BP8.00039 Impact of High-Z Coatings on the Ablation Pressure of Laser Driven Targets.
, ANDREW MOSTOVYCH, Enterprise Sciences, Inc., JAECHUL OH, ANDREW SCHMITT, JAMES WEAVER, US Naval Research Laboratory — Recent
hydrodynamic experiments [1] with planar high-Z coated targets at the Naval Research Laboratory and spherical implosion experiments with high-Z coated
shell targets [2] at the Omega facility all show significant improvement in target stability as a result of the high-Z coatings. For better understanding of the
hydrodynamic processes it is important to know the changes in ablation pressure as a result of the high-Z layers. Using the Nike Laser, we have conducted new
experiments to measure the change in shock speed of planar CH targets that are irradiated with and without the presence of a 200 Ang. gold high-Z coating.
The evolution of shock propagation inside the targets is diagnosed with VISAR probing while average shock velocities are also measured by shock breakout
detection from the stepped rear surface of the targets. We find that the high-Z layers produce a time dependent ablation pressure which is detected via the
observation of non-steady shocks in the targets. Experimental results and comparisons to hydrodynamic simulations will be presented. Work supported by U.
S. Department of Energy.
[1] S.P. Obenschain et al., Phys. Plasmas 9, 2234 (2002).
[2] A.N. Mostovych et al., APS Abstracts DPPFO3002M, (2005).

BP8.00040 Transverse modulation instability of white light in plasmas, L.0. SILVA, IST, Lisbon, R. BINGHAM,
RAL, UK, B. BRANDAO, IST, Lisbon, J. SANTOS, U. Cambridge, UK — The transverse modulation, or filamentation, instability of intense radiation with
arbitrary spatial coherence in plasmas is analyzed with generalized photon kinetic theory [1,2], which includes both forward and backward scattered radiation.
The instability threshold as well as the growth rate dependence with the laser bandwidth are determined. The analytical results are compared with numerical
solutions of the generalized dispersion relation and with full PIC simulations. Consequences of white light driven parametric instabilities in ICF and fast ignition

scenarios are also discussed.
[1] J. P. Santos, and L. O. Silva, Journal of Mathematical Physics 46, 102901 (2005)

[2] J. E. Santos, L. O. Silva, R. Bingham, Physical Review Letters 98, 235001 (2007), also arXiv:0704.2831 (http://arxiv.org/abs/0704.2831)

BP8.00041 Measurements of the energy flow and plasma dynamics in a laboratory analogue

of N-waves in the solar atmosphere , M. TAYLOR, J. FOSTER, P. GRAHAM, A. MOORE, AWE Aldermaston, UK, S. MACLAREN, P.
YOUNG, G. GLENDINNING, A. REIGHARD, C. SORCE, LLNL Livermore, USA, C. BACK, J. HUND, B. BLUE, GA, San Diego, USA — Density perturbations
in the solar atmosphere are coupled to the X-ray radiation field and so their evolution is difficult to simulate. To assess the fidelity of our current modeling
capabilities, a series of experiments have been performed on the LLE OMEGA laser. These used a hohlraum to drive X-rays through a tantalum aerogel disk
containing a machined slot. The dynamic evolution of this system is diagnosed with several complementary methods. The energy flow was measured using
both direct flux and hohlraum calorimetry, which are compared to assess the best technique. 2D X-ray self-emission images of the data reveal structure in the
radiation front seeded from localized spatial perturbations in the foam areal density. Point projection radiography down the axis of the hohlraum was utilized
to determine the associated density structures, including complex irregular flows.

BP8.00042 Nonlocal heat transport using optically-smoothed lasers in direct-drive ICF! , MicHAEL
KESKINEN, DENIS COLOMBANT, ANDREW SCHMITT, Plasma Physics Division, Naval Research Laboratory, WALLY MANHEIMER, RSI — Electron thermal
conduction is important in direct-drive inertial confinement fusion. Since it is responsible for transporting laser energy absorbed near the critical surface into
the overdense region, it can directly affect ablation and implosion dynamics. For high laser intensities, nonlocal transport models need to be used to accurately
calculate populations of fast electrons which may lead to target preheat. Optically smoothed laser radiation changes on a coherence time scale. For these
reasons we are developing a Fokker-Planck (FP) code which is coupled to an electromagnetic full-wave Maxwell solver. We present results from this coupled
model for a range of laser intensities, using different collisional operators, e.g., Krook, and radiation transport effects for high-Z targets.

1Work supported by U.S. Department of Energy.



BP8.00043 Plasma Heating and Fusion Neutron Production in Collisions of Planar CD Foils

at Velocities Above 400 km/s.!, A.L. VELIKOVICH, S.T. ZALESAK, A.J. SCHMITT, Plasma Physics Division, Naval Research Laboratory,
Washington, DC, N. METZLER, SAIC and Physics Department, NRCN, Israel , M. MURAKAMI, T. SAKAIYA, K. SHIGEMORI, H. SHIRAGA, S. FUJIOKA,
T. WATARI, H. SAITO, H. AZECHI, Institute of Laser Engineering, Osaka University — Interest in experiments on colliding planar CD foils has recently been
stimulated by (a) the Impact Fast Ignition approach to laser fusion [1], which involves the collision of a shell accelerated to ~1000 km/s with high-density DT
fuel, and (b) the approach to a high-repetition rate ignition facility based on direct drive with the KrF laser and a very high implosion velocity, ~450 km/s,
to reduce the ignition threshold and increase gain [2]. Studies of planar foil collisions at hyper-velocities help test feasibility of both concepts. We present the
results of modeling the recent experiments at ILE, where collisions of CD planar foils produced fusion neutron yields of the order of 1E6. Analytical formulas
for the neutron yield and the results of numerical simulations are compared to the experimental data.

[1] M. Murakami et al., Nucl. Fusion 46, 99 (2006).

[2] S. P. Obenschain et al., Phys. Plasmas 13, 056320 (2006).

1Work supported by the U.S. Department of Energy and by Japan Society for the Promotion of Science.

BP8.00044 Non-Maxwellian distributions in an IEC device for fusion break even , EVSTATI EVSTA-
TIEV, LANL — We explore the effect of non-Maxwellian distributions on the maximum sustainable ion density in the core of an Inertial Electrostatic Confinement
(IEC) device. Ref. 1 considered a negative potential well created by injecting radially monoenergetic electrons. It showed that potential well of 100 KV can
be sustained with about 100 A of total injection current. Then Ref. 1 showed that purely monoenergetic, radially moving ions cannot be trapped in a well
so created. On the other hand, Maxwellian radial ions can be trapped but there is an upper limit on the core ion density, ng. If break even balance of fusion
yield/ injected (electron) power is considered, this limitation translates into a required electron injection current of the order of 1014 A. Clearly, this number
is impractical. Natural questions arise from the calculations presented in Ref. 1: Is it possible to find a non-Maxwellian ion distribution (sustainable by some
means) such that the necessary electron injection current for creating a trapping potential can be lowered to reasonable numbers? If yes, is such ion distribution
energetically viable for fusion break even? Ongoing work indicates positive answer to the first question. We will discuss the energetics of such scheme.

[1] W. C. Elmore, J. L. Tuck, K. M. Watson, Phys. Fluids, vol. 2, 239 (1959).

BP8.00045 Investigation of Stimulated Raman Scattering Using a Short-Pulse Single-Hot-Spot

at the Trident Laser Facility! , J.L. KLINE, D.S. MONTGOMERY, L. YIN, K.A. FLIPPO, B.J. ALBRIGHT, T. SHIMADA, R.P. JOHNSON,
H.A. ROSE, LANL, E.A. WILLIAMS, LLNL, R.A. HARDIN, WVU — A new short-pulse version of the single-hot-spot configuration has been implemented
to enhance the performance of experiments to understand Stimulated Raman Scattering. The laser pulse length was reduced from ~200 to ~4 ps. The
reduced pulse length improves the experiment by minimizing effects such as plasma hydrodynamics and ponderomotive filamentation of the interaction beam.
In addition, the shortened laser pulses allow full length 2D particle-in-cell simulations of the experiments. Using the improved single-hot-spot configuration, a
series of experiments to investigate kAp scaling of SRS has been performed. Quantitative comparisons of the experiments have been made with the VPICT
particle-in-cell code with favorable agreement. In addition, the measurements of the backscatter SRS spectra possibly show evidence of a direct observation of
a nonlinear frequency shift due to electron trapping. Details of the experimental setup and initial results will be presented.

IWork performed under the auspices of the DOE/NNSA by LANS, LLC., operator of LANL under Contract No. DE-AC52-06NA25396 with the U.S.
DOE. TVPIC was developed at LANL by Kevin J. Bowers

BP8.00046 Mitigation of Stimulated Raman Scattering in Hohlraum Plasmas! , b.s. MONTGOMERY,
J.L. KLINE, H.A. ROSE, S.R. GOLDMAN, LANL, D.H. FROULA, J.S. ROSS, LLNL, R.M. STEVENSON, AWE — One aspect of the research at LANL to
control Stimulated Raman Scattering (SRS) in hohlraum plasmas is the investigation of risk mitigation strategies for indirect drive inertial confinement fusion.
Beam spray of the laser, due to thermally-enhanced forward Brillouin scattering, results in a decrease in the longitudinal coherence lengths of the laser, which in
turn reduces SRS. Since thermal effects depend on Z2, a small amount of a high Z dopant, 1-2%, can have a large effect. Experiments have been conducted
at the Omega laser to test this theory by varying the amount of Xe dopant in CsH12 gas filled hohlraums, and do show a decrease in SRS backscatter as Xe
dopant is added. However, there are still uncertainties regarding the responsible mechanism. The second strategy investigated is using high kAp plasmas to
reduce SRS backscatter. Experiments conducted at the Omega laser in hohlraum plasmas determined the critical onset intensity for a range of kAp. A scaling
of the critical onset intensity as a function of kAp has been determined. The scaling is compared with theoretical predictions. Results for both mitigation
strategies will be presented, as well as suggested implementation strategies for ignition-relevant hohlraums.

IWork performed by LANL under contract DE-AC52-06NA25396

BP8.00047 Multidimensional non local effects in hot spot relaxation in laser-produced plasmas
, P.H. NICOLAI, J.L. FEUGEAS, X. RIBEYRE, M. GRECH, G. SCHURTZ, CELIA, University Bordeaux 1, Talence, France — The control of parametric
instabilities, such as filamentation and stimulated scattering is a necessity for the Inertial Confinement Fusion (ICF). The plasma temperature and density
distribution directly affect the laser beam propagation and the energy deposition. Under sharp gradients created by non-uniform laser heating, the size of hot
spots is often comparable to the electron mean free path and the electron heat transport becomes nonlocal. Furthermore, the hot spot form is not necessarily
spherical and a one dimensional analysis is insufficient. This work presents the multi-dimensional effects of the non local electron transport on the plasma
response induced by a single hot spot or multi hot spots. In addition, in non spherical speckles, we show that crossed gradients of density and temperature
generate vortical flows and magnetic fields. These self generated magnetic fields combined with nonlocal heat transport effects [Ph. Nicolai et al Phys. PLasmas
13, 032701 (2006)] could strongly change the life time of hot spots. Thanks to the use of a 2D multi-physics hydrodynamic code, we investigate the LIL facility
quadruplet conditions for long time periods and large plasma conditions [the LIL facility is a full scale bundle of 4 Laser Mega Joule (LMJ) beams]. It appears
that in a realistic case, our model indicates a dramatic change of the temperature and density distributions.

BP8.00048 Parametric instabilities and their control in multidimensional nonuniform gain

media! , MATHIEU CHARBONNEAU-LEFORT, BEDROS AFEYAN, Polymath Research, Inc., MARTIN FEJER, Stanford University — In order to control
parametric instabilities in large scale long pulse laser produced plasmas, optical mixing techniques seem most promising [1]. We examine ways of controlling the
growth of some modes while creating other unstable ones in nonuniform gain media, including the effects of transverse localization of the pump wave. We show
that multidimensional effects are essential to understand laser-gain medium interactions [2] and that one dimensional models such as the celebrated Rosenbluth
result [3] can be misleading [4]. These findings are verified in experiments carried out in a chirped quasi-phase-matched gratings in optical parametric amplifiers
where thousands of shots can be taken and statistically significant and stable results obtained.

[1] B. Afeyan, et al., IFSA Proceedings, 2003.

[2] M. M. Sushchik and G. I. Freidman, Radiofizika 13, 1354 (1970).

[3] M. N. Rosenbluth, Phys. Rev. Lett. 29, 565 (1972).

[4] M. Charbonneau-Lefort, PhD thesis, Stanford University, 2007.

IWork supported by a DOE NNSA SSAA grant. Work of M. F. supported by AFSOR.



BP8.00049 Particle-in-Cell Simulations of the 2w, Instability' , F.s. TSUNG, W.B. MORI, UCLA, B.B. AFEYAN,
Polymath Research Inc — A particle-in-cell code (OSIRIS) is used to investigate the two-plasmon decay instability in nonuniform plasmas of various density
profiles. We find good agreement between the simulation and linear theory by Afeyan and Williams (Phys. Plas. 4, 3827, 1997.) under a variety of laser and
plasma conditions relevant to ICF. So far the theory has been tested for linear density profiles and parabolic density profiles where the perfect phase matching
(PPMP) point is at the parabolic peak density. We will also test the theory's predictions concerning growth rates and eigeneconditions when the PPMP is in the
transition region between the peak density of the parabolic profile and down on the flanks where strictly linear profile behavior is recovered. These simulations
allow a check on linear theory, and also demonstrate the ability of PIC codes to study this instability in small regions of ICF relevant targets. Building on these
experiences, we have now begun to investigate nonlinear effects on a longer time-scale, such as the saturation mechanism, the spectrum of the fast electrons
at saturation, the relaxation and recurrence of the instability, and ion effects.

I This work is supported by DOE grant DE-FG52-06NA26195 and NRL.

BP8.00050 Simulation of stimulated Raman scattering in 2D , WOJCIECH ROZMUS, University of Alberta,
Edmonton, Alberta, Canadaa, P.-E. MASSON-LABORDE, ZHONGLING PENG, University of Alberta, Edmonton, Alberta, Canada, V.YU. BYCHENKOQOV,
P.N. Lebedev Physics Institute, RAS, Moscow, Russia, C.E. CAPJACK, University of Alberta, Edmonton, Alberta, Canada — Results of particle-in-cell (PIC)
simulations of the stimulated Raman scattering (SRS) in one and two spatial dimensions are discussed. With the focus on plasma conditions corresponding to
large kAp values of SRS driven Langmuir waves (kAp > 0.2) we examine secondary instabilities of plasma waves in the presence of trapped particles. For
kAp > 0.3 transverse trapped particle modulational instability (Rose, Phys. Plasmas 12, 2005) dominates nonlinear evolution of SRS. We have studied interplay
between Langmuir decay and modulation instability in the intermediate regime of kAp ~0.2. New effects are examined in two spatial dimensions where large
fraction of trapped particles gives rise to electric current of fast electrons and the generation of magnetic field. Magnetic field and the transverse ponderomotive
force of localized Langmuir waves modify trapped particle dynamics and alter frequency shift and side loss damping of Langmuir waves. Experimental signatures
of the 2D effects such as angular broadening of the backscattered light are discussed.

BP8.00051 pF3d simulations of nonlinear laser propagation in a multi-speckle environment!
E.S. DODD, B. BEZZERIDES, D.F. DUBOIS, H.X. VU, LANL — Current design practice focuses on estimating LPI growth with linear analysis and using the
average laser intensity [1]. However, LPI growth can be dominated by nonlinear effects, and by the distribution of intensities from the multi-speckle nature of
the beam. Recent work on stimulated Raman scattering (SRS) has shown that above a threshold, due to trapped electrons, the reflectivity is greatly increased
[2,3]. This threshold also has a dependence on local plasma conditions that differs from the SRS growth rate. In this poster we discuss current work that
attempts to understand how the onset of nonlinear Langmuir wave behavior is affected by inter-speckle interactions with the pF3d code [4]. The current work
shows that the distribution function for speckle intensities must be taken into account and that the average intensity currently used is insufficient. [1] R. Berger,
E. A. Williams, and A. Simon, Phys. Fluids B 1 414 (1989). [2] H. X. Vu, D. F. DuBois, and B. Bezzerides, Phys. Plasmas 9 1745 (2002). [3] H. X. Vu, D. F.
DuBois, and B. Bezzerides, Phys. Plasmas 14 012702 (2007). [4] R. L. Berger, C. H. Still, E. A. Williams, and A. B. Langdon, Phys Plasmas 5 4337 (1998).

ISupported under the DOE/NNSA by the Los Alamos National Security, LLC under contract DE-AC52-06NA25396.

BP8.00052 SRS modeling of NIF ignition designs using pF3D*, EDWARD WILLIAMS, DENISE HINKEL, LAURENT
DIVOL, A. BRUCE LANGDON, PIERRE MICHEL, C.H. STILL, Lawrence Livermore National Lab — The laser plasma interaction code pF3d is used to model
the propagation of high intensity laser beams through plasma, including filamentation and stimulated Raman and Brillouin scattering. Making these calculations
feasible for ignition-related applications require that the equations for the light and Langmuir waves be enveloped in both space and time in a “paraxial”
approximation. For the SRS light, the time dependence is enveloped around the peak of the (anticipated) spectrum. The Langmuir wave is enveloped around
the corresponding parametric matching frequency and wave-number. For homogeneous plasmas, one can arrange for the properties (frequency, damping rate,
group velocity, ponderomotive response) of the Langmuir wave, modeled by an enveloped fluid equation, to match those of a kinetic model. This is no longer the
case when the plasma conditions span a large range of electron density and temperature. Some compromise is required. In this paper we describe modifications
to our pF3d SRS model and compare them with benchmarks. We show simulations of the inner beam of NIF ignition designs, focusing on the behavior of SRS.

1This work was performed under the auspices of the U.S. Department of Energy by the University of California,

BP8.00053 Driven Plasma Waves Relevant to Stimulated Raman Scattering, JAY FAHLEN, BENJAMIN
WINJUM, JOHN TONGE, F.S. TSUNG, VIKTOR DECYK, WARREN MORI, University of California, Los Angeles — In fully self-consistent particle-in-cell
(PIC) simulations the saturation of Stimulated Raman Scattering (SRS) is quite complicated. To better understand possible saturation mechanisms of SRS,
we study the excitation of plasma waves by imposing an external ponderomotive force in 1D electrostatic PIC simulations. By varying the phase velocity and
the drive frequency (detuning) with respect to the linear frequency, several saturation mechanisms are explored, including fluid and kinetic nonlinear frequency
shifts, sideband generation, and particle trapping. The simulations indicate that simple frequency shift models are inadequate in describing the wave saturation.
Wave harmonics are also observed and these can contribute to the non-linear frequency shift. A theory for harmonic-generated frequency shifts in the absence
of particle trapping is presented along with corroborating simulation data. Further, the simulations are used to understand the effects necessary for developing
a consistent harmonic, kinetic theory. Work supported by DOE under DE-FG52-06NA26195 and NSF under NSF-Phy-0321345. Simulations performed on the
DAWSON Cluster.

BP8.00054 The Role of Pump Depletion in Stimulated Raman Scattering for NIF Parameters
, B.J. WINJUM, J. FAHLEN, F.S. TSUNG, W.B. MORI, UCLA — Using the full-PIC code OSIRIS in 1D, we have studied stimulated Raman scattering (SRS)
in a range of parameters relevant to NIF. In recent years, a wide range of trapped particle effects have been implicated in the behavior of SRS in this regime:
detuning due to a kinetic frequency shift, beam modes, electron-acoustic Thompson scattering from these beam modes, and sidebands (the trapped-particle
instability). Relatively little mention has been made of pump depletion. We will present results demonstrating that for some parameter ranges, pump depletion
due to a convecting scattered packet is the primary mechanism for wave saturation. Furthermore, once pump depletion saturates the instability, the laser can
still Raman scatter off the nonlinear, convective plasma wave groups. Once a localized pulse of plasma waves has convected out of the system, or traveled a
distance sufficient for convective growth to recur, the instability may restart again. We also show that the behavior changes dramatically when the plasma length
becomes much longer than the convective gain length. Work supported by DOE under DE-FG52-06NA26195 and NSF under NSF-Phy-0321345. Simulations
performed on the DAWSON Cluster.



BP8.00055 LPI Experiments at the Nike Laser™ , . WEAVER, NRL, J. OH, RS, B. AFEYAN, Polymath Res., L. PHILLIPS,
J. SEELY, C. BROWN, M. KARASIK, V. SERLIN, S. OBENSCHAIN, L.-Y. CHAN, D. KEHNE, D. BROWN, A. SCHMITT, A. VELIKOVICH, NRL, U.
FELDMAN, ARTEP, G. HOLLAND, SFA, Y. AGLITSKIY, SAIC — Advanced implosion designs under development at NRL for direct drive inertial confinement
fusion incorporate high intensity pulses from a krypton-fluoride (KrF) laser to achieve significant gain with lower total laser energy (E¢ot ~500 kJ). These designs
will be affected by the thresholds and magnitudes of laser plasma instabilities (LPI). The Nike laser can create short, high intensity pulses (t <0.4 ns; 1>10%®
W/cm?2) to explore how LPI will be influenced by the deep UV (248 nm), broad bandwidth (2-3 THz), and induced spatial incoherence beam smoothing of the
NRL KrF laser systems. Previous results demonstrated no visible/VUV signatures of two-plasmon decay (2wy,) for overlapped intensities ~2x101% W/cm?2. We
have increased the laser intensity and expanded the range of targets and diagnostics. Single and double pulse experiments are being planned with solid, foam,
and cryogenic targets. In addition to spectrometers to study SRS, 2w, SBS, and the parametric decay instability, hard x-ray spectrometers (hv >2 keV) and a
scintillator/photomultiplier array (hv >10 keV) have been deployed to examine hot electron generation. *Work supported by U. S. DoE.

BP8.00056 Additional Considerations for Laser Plasma Instability Mitigation in Ignition-scale

Hohlraums.: , WILLIAM KRUER, University of California, Davis — Control of laser plasma instabilities in ignition-scale hohlraums is an important
physics challenge, Current hohlraums [1] are designed to minimize the linear instability gains of stimulated Raman and Brillouin backscatter. To complement this
work, attention is here given to other possibilities for the excitation of laser plasma instabilities in large hohlraums. Topics addressed include excitation of the
two plasmon decay instability, especially by the inner beams in the ablator plasma, as well as cooperative excitation [2] of stimulated scattering by overlapped
beams near the laser entrance holes. Particular attention is given to estimating gains and identifying signatures for the cooperative scattering. It is also found
that diffraction of the Raman-scattered light wave can reduce the stimulated Raman gain in a speckle but can improve the communication between different
ranks of speckles.

[1] D. Callahan, N. Meezan, D. Hinkel, et. al., (private communication)

[2] D. DuBois, B. Bezzerides, and H. Rose, Phys. FluidsB4, 241(1992)

I This work was performed under the auspicies of the U.S. Department of Energy by the Lawrence Livermore National Laboratory under Contract
W-7405-ENG-48 and Agreement B56595.

BP8.00057 Diagnosing Large Simulations of Laser-Plasma Interaction for NIF ignition targets.!
, BRUCE LANGDON, DENISE HINKEL, STEVE LANGER, BERT STILL, ED WILLIAMS, Lawrence Livermore National Laboratory — We have deployed a
variety of diagnostics for the pF3d laser-plasma interaction (LPI) simulation code, which includes paraxial wave optics, multi-species hydrodynamics, and models
for stimulated scattering. We present a survey of the diagnostics we use to process the data from the simulations and the directions of their development for
very large massively-parallel simulations in support of upcoming 96 beam experiments at NIF next year and ignition. Two examples: Now that we can simulate
over the entire beam path in the complex interior of an indirect-drive ignition target, we need to be able to form the spatial distribution of the power absorption
of the laser and backscattered light. Such post-processing is itself a parallel processing endeavor due to the large number of spatial cells involved. To compare
with experimental near-field streak spectra of backscattered and transmitted light, obtained at the “full aperture backscatter stations”, we form synthetic near
field streak spectra. For forensic purposes we can also calculate spectra inside the target, which are experimentally inaccessible.

IThis work was performed under the auspices of the U.S. Department of Energy by the University of California, Lawrence Livermore National Laboratory
under contract No. W-7405-Eng-48.

BP8.00058 SHAPE CONTROL, DIAGNOSTICS, REACTOR DESIGN TECHNOLOGY —

BP8.00059 Microwave Cavities for Pellet Mass Detection on JET!  sk. coMBS, J.B.0. CAUGHMAN, L.R.
BAYLOR, D.A. RASMUSSEN, ORNL, A. GERAUD, CEA Cadarache, D. HOMFRAY, UKAEA Fusion Association — Resonant microwave cavities have been
built for measuring the mass of pellets that will be created by the new high frequency pellet injector (HFPI) on JET. Two smaller cavities (TE010 mode) have
been made for measuring 1 mm size pellets (for ELM mitigation), and two larger cavities (TM010 mode) have been made for measuring 4 mm size pellets (for
fueling). Two of the cavities, one each for measuring both size pellets, will be placed near the injector, while the other two will be placed in curved guide tubes
located closer to the JET vacuum vessel. Frozen deuterium pellets have been shot through all four cavities at ORNL, with signal levels ranging from 0.7 to
5.0 volts. Pellet mass is determined by measuring the frequency shift caused by the pellet traversing the cavity. The cavities have been calibrated against each
other and as a function of their frequency response. Details of the design and testing results will be presented.

10ak Ridge National Laboratory is managed by UT-Battelle, LLC, for the U.S. Dept. of Energy under contract DE-AC05-000R22725.

BP8.00060 The Ignitor High Speed Pellet Injector®, F. BOMBARDA, S. MIGLIORI, A. FRATTOLILLO, ENEA, ltaly, L.R.
BAYLOR, J.B.O. CAUGHMAN, S.K. COMBS, D. FEHLING, C. FOUST, J.M. MCJILL, O.R.N.L., G. ROVETA, Criotec Impianti, Italy — A joint ENEA-Frascati
and ORNL program for the development of a four barrel, two-stage pellet injector for the Ignitor experiment is in progress. At 4 km/s, pellets can penetrate
close to the plasma center when injected from the low field side even for the plasma temperatures expected at ignition. Recent activities carried out at ORNL
include improvements to the cryostat, the addition of miniature adjustable heaters in the the freezing zone, and of four close-coupled valves for rapid evacuation
of gas after a shot. The LabView application software was successfully used to control the simultaneous formation of D2 pellets, from 2.1 to 4.6 mm in diameter,
that were launched at low speed. ORNL developed, specifically for this application, the light gate and microwave cavity mass detector diagnostics that provide
in-flight measurements of the pellet mass and speed, together with its picture. The ENEA two-stage propelling system, now ready for shipping to ORNL, makes
use of special pulse shaping valves, while fast valves prevent the propulsion gas from reaching the plasma chamber. Novel experiments, e.g. to create high
pressure plasmas in existing devices using this innovative facility, have been envisioned and are being simulated.

*Sponsored in part by ENEA of Italy and by the U.S. D.O.E.

BP8.00061 Design of the IGNITOR Plasma Start-up and Scenarios® , G. RAMOGIDA, G. CENACCHI, A.
COLETTI, A. CUCCHIARO, ENEA, ltaly, F. VILLONE, F. RUBINACCI, CREATE, Italy, B. COPPI, MIT — IGNITOR is a high field, high plasma current
compact experiment designed to be first to reach and study ignited plasma conditions. The design is characterized by a high degree of flexibility obtained
by mean of a higher number of poloidal coils and a “large” volume available to the plasma relative to the machine overall dimensions. The most advanced
operation scenario (11 MA, 13 T) is based on one that involves the optimal filling of the plasma chamber (“extended First Wall configuration”). The double
X-point plasma configuration (X- points on the plasma chamber) enables it to reach ignition with a relatively modest amount auxiliary heating and a sufficient
magnetic safety factor in the H-regime. This scenario involves a plasma current of 9 MA with the 13 T maximum toroidal field. Other plasma scenarios with
reduced performances are based on a 9 T toroidal field and involve plasma currents of 7 or 6 MA, in the extended First Wall or the double X-point configuration,
respectively. The plasma start-up phase has been carefully studied and an optimal choice of the poloidal field coils currents has led to obtaining a relatively
large area with a nearly null and flat magnetic field, without reducing the available maximum flux swing (up to 36 Wb) from the Poloidal Field coils system.
*Sponsored in part by ENEA and the US D.O.E.



BP8.00062 Advances in the IGNITOR Plasma Control*  F. VILLONE, R. ALBANESE, G. AMBROSINO, A. PIRONTI,
F. RUBINACCI, CREATE, ltaly, G. RAMOGIDA, F. BOMBARDA, A. COLETTI, A. CUCCHIARO, ENEA, Italy, B. COPPI, MIT — The IGNITOR vertical
position and shape controller has been designed on the basis of the CREATE_L linearized plasma response model, taking into account the engineering constraints
of the machine and the features of the burning plasma regimes to be obtained. Special care has been devoted to the design of a robust control system, that
can operate even when a degradation of the performance of the electro-magnetic diagnostics may occur. The coupling between the vertical position control
and the plasma shape control has been analyzed, in order to allow the plasma vertical position to be stabilized also in the case where a shape disturbance is
provoked by a change of the main plasma parameters. Simulations of the control system response have been carried out using realistic models of the electrical
power supply system. The non-linear computation of equilibrium flux maps before and after the perturbation shows that the system is able to recover from all
the assumed disturbances with this control scheme. In addition, the control of the plasma current and of the separatrix of the double-null plasma configuration
is being studied.
*Sponsored in part by ENEA and the US D.O.E.

BP8.00063 Plasma Position Diagnostics for the Ignitor Experiment! , G. PIzzICAROLI, F. ALLADIO, F.
BOMBARDA, ENEA - Italy, A. LICCIULLI, M. FERSINI, Universita di Lecce, Italy, D. DISO, Salentec, ltaly, E. PAULICELLI, Universita di Bari, Italy —
Prototype coils of the electromagnetic diagnostics for the Ignitor experiment have been manufactured adopting innovative methods to improve the ceramic
insulator resilience to neutron and gamma radiation. Thus, real time plasma position measurements should be possible over a broader range of high performance
plasma regimes with D-D and D-T fuel. An alternative method is under study to provide the necessary spatial information also at the highest parameters that the
Ignitor experiment can achieve (B ~ 13 T, I, ~ 11 MA, neutron yield>~ 3 x 10'° n/s), where the electromagnetic diagnostics may fail. The new instrument
is based on the diffraction and detection of the soft X-ray radiation emitted at the plasma edge. Gas Electron Multiplier (GEM) detectors are considered as
the best candidates to provide signals with high counting rates (>1 MHz) and high S/N ratios, to be used by the control systen‘é A curved Multilayer Mirror
placed inside one of the equatorial ports will diffract the radiation onto a properly shielded GEM detector that is located outside the machine vacuum and not
in direct view of the plasma.

1Sponsored in part by ENEA of Italy and by the U.S. D.O.E.
2D. Pacella, et al, Nucl. Instr. Meth. A 508, 414 (2003)

BP8.00064 IGNITOR Plasma Chamber Assembly Procedure and Welding Processes* , G. TOSELLI,
G. BARBIERI, B. CARMIGNANI, G. CELENTANO, F. COGNINI, A. CUCCHIARO, U. DE MAIO, A. IERINO, T. MINGHETTI, G. PANZANI, S. SANGIORGI,
M. TIMPANARO, D. TRESTINI, D. VISPARELLI, ENEA, Italy, B. COPPI, MIT — The appropriate welding techniques to be adopted for the assembly sequences
of the 12 sectors of the Plasma Chamber, are described. The last welds, joining two assembled 180° sectors of the plasma chamber, need to be carried out
automatically, at the inside of the Chamber, guided and controlled by the remote handeling system. The deformations and the displacements due to these welds
have to be very limited in order to comply with the design geometry of the closed torus and its functions (e.g. support of the First Wall structure). Numerical
simulation of the relevant welding processes have been carried out. Two different welding techniques have been chosen.
—Laser welding for the junction of 4 mm of the thickness of adjacent sectors of the plasma chamber
—TIG-NG welding with filler material for the remaining thickness
Experimental tests and corresponding simulations have been made, for both of these welding processes, on suitable samples which reproduce some aspects and
geometrical characteristics of the chamber sectors. The most significant results obtained are described and discussed.
*Sponsored in part by ENEA of Italy and by the U.S. D.O.E.

BP8.00065 CATIA-V 3D Modeling for Design Integration of the Ignitor Machine Load

JASSGEI’IIIZ)ly>|< , A. BIANCHI, B. PARODI, F. GARDELLA, Ansaldo, Ricerche, Italy, B. COPPI, MIT — In the framework of the ANSALDO industrial
contribution to the Ignitor engineering design, the detailed design of all components of the machine core (Load Assembly) has been completed. The machine
Central Post, Central Solenoid, and Poloidal Field Coil systems, the Plasma Chamber and First Wall system, the surrounding mechanical structures, the Vacuum
Cryostat and the polyethylene boron sheets attached to it for neutron shielding, have all been analyzed to confirm that they can withstand both normal and
off-normal operating loads, as well as the Plasma Chamber and First Wall baking operations, with proper safety margins, for the maximum plasma parameters
scenario at 13 T/11 MA, for the reduced scenarios at 9 T/7 MA (limiter) and at 9 T/6 MA (double nul). Both 3D and 2D drawings of each individual
component have been produced using the Dassault Systems CATIA-V software. After they have been all integrated into a single 3D CATIA model of the Load
Assembly, the electro-fluidic and fluidic lines which supply electrical currents and helium cooling gas to the coils have been added and mechanically incorporated
with the components listed above. A global seismic analysis of the Load Assembly with SSE/OBE response spectra has also been performed to verify that it is

able to withstand such external events.
*Work supported in part by ENEA of italy and by the US D.O.E.

BP8.00066 Ignition and Burning Plasma Regimes in the Double Null Configuration of Ignitor*
, G. CENACCHI, ltaly, A. AIROLDI, IFP-CNR, Italy, B. COPPI, MIT — A new operating scenario for Ignitor with By ~ 13 T, I;, & 9 MA and a double
X-point configuration (X- points just outside the first wall) has been investigated. The analyses carried out are directed to optimizing the plasma volume, the
magnetic configuration and the relevant “safety factor” near the first wall. A transport analysis has been performed to simulate the current density evolution
(important for the considered sequences of equilibrium configurations) and to verify the possibility of accessing H-regimes. The H-regime power threshold has
been estimated from recent scalings based on a variety of experiments. This threshold power is consistent with that available from the provided ICRH system,
combined with the Ohmic and a-particle heating. In the numerical simulations a volume average density (ne) ~ 3 X 1029m—3, an average Zegr ~ 1.5, and 3
MW of ICRH a power absorbed by the plasma have been considered. Ignition and advanced parameters as those expected for the “standard” 11 MA scenario
with the “extended” first wall configuration of Ignitor can be reached. Even without accessing the H-regime and with pessimistic assumptions about the energy

confinement time, plasma conditions of relevance to the physics of burning plasmas can be attained.
*Sponsored in part by ENEA and CNR of Italy and by the US D.O.E.

BP8.00067 ICRH Physics in the Ignitor Experiment® , A. CARDINALLI, ENEA, Italy, G. CENACCHI, A. AIROLDI,
CNR-IFP, Italy, B. COPPI, MIT — The Ignitor ICRH sytem can operate in a broad frequency range (80-120 MHz) and with significant levels of delivered
power (4 to 12 MW). The frequency band is consistent with the use of magnetic fields in the range 9-13 T. In this work a review of the ICRH physics is
presented for i) full performance scenarios, ii) reduced parameters scenarios, and iii) double X- point configurations at 13 T and 9 MA. In all cases the ICRH
is used to control the plasma temperature, to accelerate the achievement of ignition in the extended first wall configuration (I, 2 11 MA), and to help the
transition to the H-regime in the X-point configuration. The power deposition profiles on ions and electrons are obtained by using a full wave code in a toroidal
geometry configuration and are used as input data for a transport analysis. In particular, calculations show that a small fraction of 3He (1-2%) improves the
wave absorption on ions near the center of the plasma column, while a substantial fraction of the coupled power, owing to the n|-spectrum radiated by the
antenna, is damped on the electrons in a broad radial interval of the plasma column. The conclusion is that in Ignitor, given the flexibility of its ICRH system,
it is possible to control the plasma temperature and the transition to the H-mode in the X- point scenarios with relatively modest amounts of ICRH power (<
8 MW).

*Spongored in part by ENEA and by the U.S. D.O.E.



BP8.00068 The IGNITOR ICRH Antenna Design with TOPICA , RICCARDO MAGGIORA, VOLODYMYR
KYRYTSYA, DANIELE MILANESIO, ORSO MENEGHINI, GIUSEPPE VECCHI, Politecnico di Torino — A flexible auxiliary lon Cyclotron Resonance Heating
(ICRH) system (f = 80 — 120 MHz) has been included in the IGNITOR machine design. ICRH systems have been successfully tested on a number of existing
devices especially at high density. Ignition can be accelerated significantly by relatively low levels of ICRH (about 5 MW, a fraction of the final fusion heating)
when applied during the current ramp-up. In addition, ICRH provides a useful tool to control the evolution of the current density profile. Four antennas, each
composed by 4 straps independently fed by 4 matching systems, can deliver a minimum RF power of about 12 MW in the entire adopted frequency range. The
possibility of adding two more antennas has been considered. The antenna design and optimization have been based on the simulation results obtained with
TOPICA (Torino Polytechnic lon Cyclotron Antenna code)[1].

[1] V. Lancellotti et al., Nuclear Fusion, 46 (2006) S476-5499

BP8.00069 High temperature transient heating experiments on C in a Be seeded plasma in

PISCES B.!, J. HANNA, D. NISHUJIMA, R.P. DOERNER, M. BALDWIN, K.R. UMSTADTER, R. SERADARIAN, R. HERNANDEZ, UCSD, R. PUGNO,
IPP — An experimental investigation of the effects of transient heating on Be films on C substrates in deuterium plasmas has been conducted in PISCES-B. It
has been shown previously that Be film growth on C can form carbide layers that reduce the chemical erosion of C during deuterium ion bombardment. Results
from transient heating up to 1200°C have also been reported. In this presentation, results on the chemical erosion and on deuterium retention in C targets with
heat pulses up to 2000°C will be presented. A scaling expression for chemical erosion suppression due to Be2C formation developed previously will be extended
to include transients with varying peak surface temperature and duty cycle using an integrated time-temperature, with a temperature range of 300 to 2000°C.

1This work was supported by grant DE-FG03-95ER-54301 from the US DoE.

BP8.00070 The Effect of MHD Noise on the Vertical Observer in Tokamaks , GIANPAOLO TURRI,
STEFANO CODA, YVES MARTIN, JEAN-MARC MORET, OLIVIER SAUTER, Ecole Polytechnique Fédérale de Lausanne (EPFL), Centre de Recherches
en Physique des Plasmas, Association Euratom, CH-1015 Lausanne Suisse — The spurious perturbations induced by MHD instabilities on the Tokamak a
Configuration Variable (TCV) vertical position observer are investigated. The study is performed for ITER-relevant ELMs (involving high heat fluxes, and with
geometry compatible with the ITER constraints), sawteeth, and magnetic islands on the q=2-3 rational surfaces. In addition, “infernal” mode instabilities
appearing in reverse shear are analyzed. A modified observer is calculated such as to minimize the MHD noise propagation for each case, based on three
constraints: 1) equivalent response to a real vertical displacement event (VDE), based on VDE analysis; 2) minimized distance in the least squares sense from
the optimized default observer; 3) orthogonality with the magnetic response to an MHD event. The result of the minimization is applied to the single instability
for which it is designed, to verify the validity of the approach. In addition to that, mixed-mode observers are used to evaluate the effect of noise propagation
in discharges with multiple modes. The results confirm that the design of a discharge-specific vertical observer should be sufficient for safely controlling the
vertical position of the plasma in ITER.

BP8.00071 X-ray diagnostic for monitoring the charge state distribution in an ECR ion source!
, BRIAN CLUGGISH, IOAN-NICULAE BOGATU, LIANGJI ZHAO, JIN SOO KIM, FAR-TECH, Inc. — FAR-TECH, Inc. is developing a non-invasive X-ray
spectral diagnostic to monitor the charge state distribution (CSD) in an electron cyclotron resonance ion source (ECRIS). The ECRIS is magnetic mirror confined
plasma device in which electrons undergo ECR heating. Consequently the electron distribution function (EDF) develops a non-Maxwellian “tail” with energies
over 10 keV. This in turn results in an ion CSD dominated by multiply charged ions. FAR-TECH, Inc. will determine the EDF by measuring the bremsstrahlung
X-ray spectrum between 3 and 100 keV. The CSD can then be determined using our Generalized ECRIS Model (GEM) which calculates the rate of ionization to
each charge state using the EDF. Measurements of the X-ray spectrum and the resulting EDF’s will be presented. The simulations will be compared to Faraday
cup measurements of the CSD of ions extracted from an ECRIS.

I This research supported by a U.S. Dept. of Energy SBIR. grant

BP8.00072 Ion Velocity Distribution Functions in a Compact, Expanding, Helicon Plasma
, DANIEL LEWIS, ALEXANDER HANSEN, EARL SCIME, West Virginia University Department of Physics — Previous laser induced fluorescence (LIF)
measurements of ion velocity distribution functions in a compact, expanding helicon plasma were limited by the available laser power and optical access [Keesee
et al., Phys. Plasmas 12, 093502 (2005)]. Here we present LIF measurements of the ivdf in argon plasmas in the CHEWIE compact helicon source as a function
of fill pressure, source magnetic field, and partial pressure of argon. The LIF measurements were accomplished with a ring dye laser tuned to 611.662 nm
(vacuum wavelength) to pump the Ar Il 3d2G9/2 metastable state to the 4p2F7/2 state and observing the fluorescent emission at 460.96 nm photons. RF power
up to 600 W is used to create a steady state plasma in the 12 cm long, 6 cm diameter Pyrex source chamber. One end of the source chamber is connected to
a 30 cm long, 15 cm diameter expansion chamber. The magnetic field strength ranges from 0 to 850 Gauss. We will present measurements of argon ivdfs for
gas flow rates of 10, 20, 30 sccm at constant rf power and magnetic field.

BP8.00073 Absorption Spectroscopy Measurements of Ion Velocity Distribution Functions in

AI'gOIl Plasmas. , EARL SCIME, WILLIAM S. PRZYBYSZ, West Virginia University — The scarcity of strong absorption lines in accessible tuning
ranges along with plasma saturation due to low ion population densities makes absorption spectroscopy of helium ions notoriously difficult. Helicon plasmas, with
their characteristically high ion densities, are a good candidate for initial helium ion spectroscopy experiments. However, preliminary measurements of Doppler
broadened ion velocity distribution functions (ivdf) involving injecting a tunable infrared diode laser, tuned to 1012.36 nm and chopped roughly at 1kHz, along
the axis of a 1.5m long helicon plasma have yielded erratic and irreproducible measurements. Here we present absorption spectroscopy measurements of ivdfs
in argon helicon plasma using a tunable diode laser at 668.43 nm to pump the Ar |l metastable 3d4F7/2|eve| to the 4p4D5/2 level. The optimized multi-pass
optical configuration and the ratioing detector will be described and initial measurements presented. Once the absorption measurement technique is optimized

for the well-known and more easily diagnosed Ar Il transition, the same experimental configuration will then be used for the infrared helium ion absorption
measurement

BP8.00074 Optical diagnostic suite for measuring plasma velocity, laser-ablated metal topog-

raphy and electron density , ANTHONY VALENZUELA, GEORGE RODRIGUEZ, MPA-CINT, Los Alamos National Laboratory, STEVEN
CLARKE, W-6, Los Alamos National Laboratory — We report on the capabilities of our diagnostic system to measure plasma properties including longitudinal
velocity, topography of an ablation region and transverse electron density. We generate a plasma by ablating a thin metal film on a transparent substrate with
a nanosecond millijoule laser pulse. We use a heterodyne-based Photonic Doppler Velocimeter (PDV) system to measure the velocity of the plasma plume. We
also use a Shack-Hartmann interferometer (DOTS) to record the topography of the ablated metal. Also, we extended the functionality of DOTS to examine
the transverse electron density of plasma channel in air generated by an intense, self-focused laser pulse. We compare the experimental data in the first two
cases to hydrodynamic simulations to provide a feedback loop to improve our theoretical models.



BP8.00075 Method to Estimate the Electron Temperature and the Neutral Density in a Plasma
from Spectroscopic Measurements Using Argon Atoms and Argon lons Collisional-Radiative

Models! , ELLA M. SCIAMMA, ROGER D. BENGTSON, KEVIN E. CASEY, W.L. ROWAN, The University of Texas at Austin, AMY M. KEESEE, West
Virginia University, CHARLES A. LEE, DAN BERISFORD, KEVIN LEE, KENNETH GENTLE, The University of Texas at Austin — We present a method
to infer the electron temperature in argon plasmas using a collisional-radiative model for argon ions [1] and measured electron density to interpret absolutely
calibrated spectroscopic measurements of argon ion (Ar Il) line intensities. The neutral density, and hence the degree of ionization of this plasma, can then be
estimated using spectroscopic argon atoms (Ar I) line intensities and a collisional radiative model for argon atoms [2]. This method has been tested for plasmas
generated on two different devices at the University of Texas at Austin: the helimak experiment and the helicon experiment. We present results that show good
correlation with Langmuir probe measurements.

[1] http://adas.phys.strath.ac.uk

[2] Amy. M. Keesee and Earl E. Scime. Rev. Sci. Instrum. 77, 10F304 (2006).

Work supported by Ad Astra Rocket Company and the Department Of Energy Office of Fusion Energy Science DE-FG03-00ER54609.

BP8.00076 A Novel X Ray Source for Cancer Radiotherapy , ILIJA DRAGANIC, National Institute of Standards and
Technology, Gaithersburg, MD 20899-8422, USA, JACEK CAPALA, National Cancer Institute, National Institute of Health, Bethesda, MD 20892, USA, JOHN
GILLASPY, National Institute of Standards and Technology, Gaithersburg, MD 20899-8422, USA — There is a growing interest in exploring the possibility of
replacing conventional broadband x-rays used in biomedicine with narrowband x-rays. In a form of binary therapy, drugs containing heavy elements are made to
preferentially concentrate in cancer cells, and then the x-ray wavelengths are tuned to match the photo absorption peaks of the heavy elements. Synchrotrons
can provide the necessary x-ray beams, but are impractical for routine therapy. An EBIS/T device may be a suitable alternative. EBIS/T devices can produce
slow highly charged ions (HCI) which can be easily transported into the body through a cannula, where they produce relatively monoenergetic x rays within
the tumor. In order to achieve the highest charge states with sufficient fluence for use in biomedicine, a better understanding of the EBIS/T ion trap dynamics
may be required. This work will address the optimal ion temperatures, spatial distributions, densities, and related parameters of HCl in the trap using optical
spectroscopy.

BP8.00077 ASTROPHYSICAL PLASMAS: EXPERIMENT AND THEORY —

BP8.00078 The Magnetothermal Instability And Its Role In Angular Momentum Transport

in Hot, Dilute Magnetized Accretion! , TANIM ISLAM, University of Virginia & Ecole Normale Supérieure — Recent observations
have demonstrated the prevalence of underluminous accretion flows in massive and supermassive central galactic black holes, for which the best studied example
is that of Sagittarius A* at the center of our Milky Way. In addition, circular polarization measurements of millimeter-wavelength radiation from Sagittarius
A* has shown the existence of measurable magnetic fields in the source. These flows are characterized by the radiatively inefficient accretion of a hot, mildly
collisional to highly collisionless, and optically thin plasma onto a black hole. The energy generated through the accretion of matter down a gravitational well
cannot be efficiently radiated and therefore must be advected outwards. We show that the collisionless and mildly collisional MTI, an MHD mode of a dilute
rotationally supported plasma, can destabilize these dilute, magnetized, radiatively inefficient flows and can carry out angular momentum and energy in order
to allow accretion to occur.

Tthe author wishes to acknowledge the support of the Laboratorie de Radioastronomie of the Ecole Normale Superieure, and the University of Virginia
Department of Astronomy

BP8.00079 Finite Larmor Radius Effects on the Magnetorotational Instability , N.M. FERRARO,
Princeton Plasma Physics Laboratory — The linear dispersion relation for the magnetorotational instability (MRI) has been derived including gyroviscosity,
which represents finite Larmor radius (FLR) effects in the Braginskii equations [1]. It is shown that FLR effects are the most important effects in the limit of
weak magnetic fields for ionized disks, and are much more important than the Hall effect when 3; > 1, where (3; is the ratio of the ion thermal pressure to
the magnetic pressure. FLR effects may completely stabilize even MRI modes having wavelengths much greater than the ion Larmor radius. Some implications
for astrophysical accretion disks are discussed. The results of fluid simulations of accretion disks using M3D-C, a toroidal axisymmetric extended-MHD code

which includes two-fluid and gyroviscous effects, are presented.
[1] N. M. Ferraro, ApJ 662(1):512 (2007)

BP&.00080 Poloidal rotation and its effect on toroidal rotation , 0.D. GURCAN, P.H. DIAMOND, University of
California, San Diego, T.S. HAHM, Princeton Plasma Physics Laboratory — A transport model, which describes the self-consistent evolution of poloidal and
toroidal rotation in addition to density and pressure is suggested. The model is self consistent in the sense that Er shear is used for symmetry breaking, but
its effect on turbulence is also considered. We also solve the poloidal ion momentum equation together with the radial force balance relation. The full study
involves a rigorous gyrokinetic derivation of the model, and numerical solutions of the simple 1-D transport model. Notice that the simplicity of the model
allows parameter scans that require many runs. The results of this study will be presented.

BP8&8.00081 Initial results from the Princeton Magnetorotational Instability Experiment using

llqllld metal , M.D. NORNBERG, E. SCHARTMAN, H. JI, CMSO and PPPL, M.J. BURIN, California State-San Marcos, W. LIU, CMSO and PPPL,
J. GOODMAN, Princeton University — The Magnetorotational Instability (MRI) is regarded as the dominant mechanism for accretion disk turbulence and
its associated angular momentum transport. A series of experiments using both water and liquid metal in a novel wide-gap Taylor-Couette apparatus are
conducted to elucidate the relative importance of sub-critical hydrodynamic turbulence to the MRI. Reynolds stress measurements using two-component laser
Doppler velocimetry in water demonstrate that keplerian-like flows have extremely weak angular momentum transport even at Reynolds numbers up to 106
when end effects are suppressed by differentially rotating end caps. By switching the working fluid to a liquid Gallium alloy (Ga-In-Sn), this quiescent flow
can be destabilized by applying an axial magnetic field of up to 5 kG. The growth rate of the MRI is determined from external magnetic field measurements
using radially-aligned induction coils and Hall probes. Secondary circulation induced by the MRI, which is a local instability, is distinguished experimentally from
magnetically-induced Ekman circulation generated by the boundary layers through comparisons between flows which are stable and unstable to the MRI. This
work is supported by DOE, NASA, and NSF.



BP8.00082 The Princeton MagnetoRotational Instability (MRI) Experiment - Apparatus and

Dlagnostlcs , ETHAN SCHARTMAN, MARK NORNBERG, HANTAO JI, PPPL, CMSO, MICHAEL J. BURIN, California State University, San Marcos,
JEREMY GOODMAN, Princeton University — The Princeton MRI experiment investigates instabilities believed to be responsible for angular momentum
transport in accretion disks. The apparatus consists of fluid confined between a pair of concentric spinning cylinders. The shear flow developed shares with
accretion disks the properties of linear hydrodynamic stability and outwardly-decreasing angular velocity. Onset of instability in this apparatus is relevant to
studies of turbulent transport in astrophysical disks. Using water or a liquid Gallium alloy we investigate Subcritical Hydrodynamic Instability (SHI) or the MRI.
The cylinder end caps are divided into two pairs of differentially-rotatable rings to reduce the impact of the vertical boundaries on the bulk flow. When using
water the Reynolds stress is directly measured using 2-component Laser Doppler Velocimetry. During Gallium operation a 5kG axial magnetic field is applied.
Radial motions of the fluid generate a fluctuating radial component of the magnetic field which is detected by an array of magnetic B-dot coils external to the
flow. For the largest flow shear in our apparatus the radial fields will be generated by the MRI. To test the operation of the B-dot coils the magnetic field is
applied to a Rayleigh-unstable flow. Supported by DOE, NASA and NSF.

BP8.00083 Axisymmetric Simulation of the Magnetorotational Instability in a Magnetized

Taylor-Couette Flow! , wEl LIu, PPPL, JEREMY GOODMAN, Princeton University, HANTAO JI, PPPL — The magnetorotational instability
(MRI) is probably the main cause of turbulence and accretion in sufficiently ionized astrophysical disks. Despite much theoretical and computational work,
however, the nonlinear saturation of the MRI is imperfectly understood. We present non-ideal magnetohydrodynamic simulations of the Princeton MRI
experiment. In vertically infinite or periodic cylinders, MRI saturates in a resistive current-sheet with significant reduction of the mean shear, and with poloidal
circulation scaling as the square root of resistivity. Angular momentum transport scales as the reciprocal square root of viscosity but only weakly depends on
resistivity. For finite cylinders with insulating end caps, a method to implement full insulating boundary condition is introduced. MRI grows with a clear linear
phase from small amplitudes at rates in good agreement with linear analysis. In the final state one inflowing “jet” opposite to the usual Ekman “jet” is found
near the inner cylinder. Angular momentum transport has a weaker scaling with Reynolds number and is dependent hardly on Lundquist number. Under proper
condition our experimental facility is a good testbed to show that MRI could be suppressed by a strong magnetic field.

Isupported by DoE, NASA and NSF.

BP8.00084 Numerical Studies of Boundary Layers in the Princeton MRI Experiment! , AusTIn
ROACH, HANTAO JI, WEI LIU, JEREMY GOODMAN, Center for Magnetic Self-Organization, PPPL — The Princeton MRI experiment uses a Taylor-Couette
apparatus to generate rotating shear flows for the investigation of the magnetorotational instability. Discrepancies have been observed between the experimentally
measured fluid flow profiles and those expected from hydrodynamic simulation of the experimental apparatus with the 2-dimensional code ZEUS-2D. While
experimental adjustments have been made to produce the desired flow profiles in the apparatus for the investigation of the MRI, an explanation for the difference
between the experimental measurements and computational prediction of the fluid flows has not yet been found. An attempt is now being made to account for
these differences by adding to the simulations additional effects, such as noisy boundary layers and a more detailed description of the geometry of the experiment.
Results of these computational investigations and a comparison to experimental results will be presented.

IThis work supported by DOE contract number DE-AC02-76-CHO3073.

BP8.00085 An Experimental Study of Turbulent Boundary Layers in Free-Surface MHD Flows
, J. LUC PETERSON, MARK NORNBERG, HANTAO JI, ALEX GILL, Princeton University, DIMITRIS GIANNAKIS, University of Chicago — Descriptions
of the turbulent boundary layers in astrophysical and laboratory plasmas require an understanding of free-surface magnetohydrodynamic (MHD) stability. The
dynamics of the plasma ocean on the surface of nuetron stars in binary systems could relate to X-Ray burst phenomena, while turbulent flows in liquid metal
diverters are useful for effective heat transport from the core of a fusion reactor. The Liquid Metal eXperiment (LMX) at PPPL is a small-scale laboratory
experiment using liquid gallium alloy designed to study free-surface MHD stability and wave propagation. LMX is a short wide-aspect ratio channel (1 by 15 by
70 cm) designed for Reynolds numbers of 10000 under an imposed magnetic field of 7 kG. Extensive hydrodynamic experiments have demonstrated the ability
to create stable turbulent boundary layers in short open channels. The transition to liquid metal operations will be discussed, with particular attention paid to

new flow velocity diagnoistic tools and techniques for creating stable turbulent boundary layers. This work supported by DoE under contract #DE-AC02-76-
CHO03073.

BP8.00086 Laboratory Study of Magnetorotational Instability (MRI) in a Helicon Plasma , .
JI, Princeton Plasma Physics Laboratory, J. FOLEY, F. LEVINTON, Nova Photonics, B. FETROE, Y. RAITSES, J. KEFELI, M. NORNBERG, S. ZWEBEN,
M. YAMADA, Princeton Plasma Physics Laboratory — Fast angular momentum transport in accretion disks has been an outstanding problem in astrophysics
for more than three decades. Classically estimated transport due to molecular viscosity of a neutral fluid is too small to account for the fast observed accretion
rates. The magnetorotational instability (MRI) has been identified as a powerful mechanism to transport angular momentum. Experiments using liquid metal
are underway to study the MRI in the incompressible MHD limit. A new frontier in accretion disk research is to explore physics beyond the incompressible
MHD. Possible new effects include compressibility, multiple-fluid effects, kinetic effects, ion-neutral collisions, radiation pressure, and dust grains. In order to
study some of these effects, a new, small-scale experiment using a helicon plasma has been constructed. A preliminary analysis, addressing the two-fluid or Hall
effect based on a local Hall MHD formulation, shows large differences in the growth rate between the cases when magnetic field is parallel and anti-parallel to
the rotation axis for the experimentally achieved parameters. This is a clear sign of Hall effects on MRI. The detailed analyses and experimental results will be
presented when available.

BP8.00087 Magnetorotational instability in electrically driven flow: theoretical predictions

and experlmental observations! , IVAN KHALZOV, ANDREI SMOLYAKOV, University of Saskatchewan, VICTOR ILGISONIS, RRC
Kurchatov Institute — The electrically driven flow of liquid metal in circular channel is efficient way to test magnetorotational instability (MRI) in laboratory.
The main body of this flow has the equilibrium rotation law Q(r) o 1/7"2, which is stable hydrodynamically but can be unstable with respect to MRI. We
study numerically the linear stability of such flow in the circular channel of finite hight in the presence of vertical magnetic field in the frame of dissipative
incompressible magnetohydrodynamics (MHD). Marginal stability curves in the plane Hartmann number — Reynolds number are calculated for the range of
azimuthal wave-numbers m = 0 = 200. It is shown that for larger Hartmann numbers the threshold of instability is determined by modes with higher m. Our
numerical results are found to be in a good agreement with available experimental data.

1This work is supported in part by NSERC Canada



BP8.00088 Physics of Plasma Accreting Structures® , F. ROUSSEAU, E.N.S., Paris, B. COPPI, MIT — Plasma accretion
is considered to take place within thin differentially rotating structures, (sequence of density ringsEI) in the prevalent gravity of a central object where the vertical
confinement is provided by the Lorentz force associated with internal toroidal currents. The factors that are needed to complete the solution of the equations’
that describe “ring configurations” are identified and included in the relevant analysis. The relationship between poloidal flows and “seed” magnetic fields is
uncovered and analyze The significance of the symmetries of the poloidal currents that are found to be associated with the presence of an effective viscosity
is pointed out. The problem of having a radial inflow velocity in a two-dimensional configuration with internal currents has been dealt with in the limit of very

small “seed” magnetic fields by finding a narrow family “open” magnetic surfaces on which the plasma can spiral toward the central object?. *Sponsored in
part by the US D.O.E.

IB. Coppi and F. Rousseau, Ap. J., 641, 458 (2006)
2B. Coppi and F. Rousseau, Paper 04.034, Proceedings of the 2007 E.P.S. Conference on Plasma Physics and MIT-LNS Report 07/06

BP8.00089 Non-axisymmetric Ballooning Modes in Thin Accretion Structures, cHRIS CRABTREE,
BRUNO COPPI, MIT — The consideration of non-axisymmetric modes in thin accretion structures has been shown to be relevant to the issue of angular
momentum transport [1]. To this end we consider the stability of differentially rotating, ug = RQ(R), axisymmetric equilibria with cylindrical magnetic flux
surfaces to perturbations with large toroidal mode numbers ng > 1. Assuming the equilibrium plasma rotation is approximately Keplerian about a central
compact object and the rotation speed is smaller than the thermal speed, the equilibrium pressure and density depend on both R and z. We seek linear solutions
to the ideal MHD equations by expanding in the small parameter 1/ng and satisfying requirements similar to those used for ballooning modes in magnetically
confined toroidal plasmas: 1) the wavelength parallel to the magnetic field is relatively small, 2) the mode approximately corotates with the plasma, and 3) the
compressibility is small but non-zero. Normal mode solutions are constructed using a radially dependent toroidal mode number which is inversely proportional
to the rotation frequency such that kg ~ noQ0o/ue(R) where Qg is a constant. Toroidally periodic perturbations are then constructed with a formalism that is
typically used in the theory of ballooning modes in toroidal configurations to enforce periodicity in the poloidal direction in the presence of magnetic shear. [1]
B. Coppi, P. Coppi Ann. Phys. 291, 134 (2001) *Supported by U.S. D.O.E.

BP8.00090 Modeling the spectral evolution of prompt GRBs and X-ray flares! , s. POTHAPRAGADA,
S. REYNOLDS, S. GRAHAM, M.V. MEDVEDEYV, University of Kansas — We use the detailed theory of jitter radiation from relativistic shocks containing
small-scale magnetic fields and relativistic shock kinematics to build a numerical model of spectral variability of GRB emission. It is, then, applied to the
conditions of the internal shocks in order to model the prompt phase and X-ray flares. We derive the lighcurves, spectral evolution in time within each sub-pulse
of a prompt GRB and during an X-ray flare. Correlations of spectral parameters are also deduced. We demonstrate that the model lightcurves and spectra agree
well with observation data. We discuss how one can deduce certain parameters of the plasma of the shock and the ejected material.

ISupported by DoE grants DE-FG02-04ER54790 and DE-FG02-07ER54940 and by NASA grant NNX07AJ50G.

BP8.00091 Phase-space distribution of accelerated electrons in Weibel-mediated relativistic

GRB shocks? , S. GRAHAM, S. POTHAPRAGADA, S. REYNOLDS, M.V. MEDVEDEYV, University of Kansas — The shock model of gamma-ray
bursts (GRBs) contains two equipartition parameters: the magnetic energy density and the kinetic energy density of the electrons relative to the total energy
density of the shock, ep and ee, respectively. These are free parameters within the model. Whereas the Weibel shock theory and PIC simulations fix eg at the
level of ~fewx (1073...10™%), no understanding of . existed until recently. Medvedev (2006) has demonstrated that it inevitably follows from the Weibel shock
theory that €. ~ ,/ep. Extrapolating the theory to GRB afterglow shocks, we find that observational data agree with our theoretical prediction. It has been
suggested that the €. — ep relation can be used to reduce the number of free parameters in afterglow models. Here we further develop the model of non-Fermi
acceleration of electrons in prompt GRBs. We developed a numerical code, which computes full phase space distribution of electrons in Weibel electromagnetic
fields. This distribution is further used to compute the electron energy distribution, the distribution over pitch-angle, the angular pattern of jitter emissivity, etc.

ISupported by DoE grants DE-FG02-04ER54790 and DE-FG02-07ER54940 and by NASA grant NNX07AJ50G.

BP8.00092 Jitter radiation produced by electrons with anisotropic distribution in Weibel

turbulence of GRBs and lab experiments! , s. REYNOLDS, S. GRAHAM, S. POTHAPRAGADA, M.V. MEDVEDEYV, University
of Kansas — Radiation emitted by relativistic electrons propagating through the random, skin-depth-scale magnetic fields produced by the Weibel instability
is referred to as the Jitter radiation. These fields are associated with current filaments and, hence, their spatial distribution is anisotropic. This anisotropy of
fields has been shown to result in anisotropic radiation spectrum (even if the electron distribution is isotropic) that depends on the angle between the line of
sight and the direction of current filaments. The study of the electron distribution in the Weibel turbulence shows that the electron PDF is also anisotropic,
with the direction of anisotropy being along the filament orientation. Therefore, accurate calculation of the emitted spectra shall account for the PDF angular
structure as well. Here we formulate the jitter radiation theory in a general set-up, thus generalizing previous results to an arbitrary PDF. We calculate model
spectra and discuss implications of the results to emission from ultra-relativistic shocks of gamma-ray bursts and to Laboratory Astrophysics experiments with
petawatt-scale lasers.

ISupported by DoE grants DE-FG02-04ER54790 and DE-FG02-07ER54940 and by NASA grant NNX07AJ50G.

BP8.00093 Transport Properties of Laser Plasma and H-Rich White Dwarf Stars, viTHAL L. PATEL?,
Berkeley Research Associates, Inc., JAECHUL OH, Research Support Instruments, Inc. — An extended survey of spectroscopic observations of hydrogen-rich
white dwarf stars indicates existence of magnetic fields of 10kG-10MG [1]. High intensity laser interactions with matter generates magnetic fields of several 100s
MG [2]. In both laboratory laser plasma as well as astrophysical plasmas, weakly Landau quantization may be present. We consider transport properties of such
plasmas following work of Potekhin [3]. With some simplification, estimate of transport coefficients can be made without evaluation of elaborate integration.
This research was performed in Laser Plasma Branch, Plasma Physics Division, Naval Research Laboratory and was supported by DOE/NNSA.

[1] A. Kawka et. al., ApJ, 654, 499, 2007
[2] S. Eliezer et. al., Phys. Plasmas, 12, 052115, 2005
[3] A. Y. Potekhin, Astron. Astrophys., 346, 345, 1999

Permanent Address: Arizona Senior Academy,13867 E. Langtry Ln, Tucson, AZ.



BP8.00094 Numerical study of ultra-relativistic electromagnetic filamentation in boosted

frames , S.F. MARTINS, IST - Lisbon, R.A. FONSECA, ISCTE - Lisbon, IST - Lisbon, W.B. MORI, UCLA, L.O. SILVA, IST - Lisbon — We address the
simulation of relativistic shocks in astrophysics, namely the numerical implications of ultra-relativistic particles and the large time/space scales associated with
these systems. It was recently shown [1] that performing simulations in optimized Lorentz frames can decrease simulation run times by orders of magnitude,
completely changing computational resources required. The Lorentz transformation for a boosted frame was implemented in osiris 2.0 [2] and encompassed
several difficulties that will be discussed. For instance, transformation of quantities back to the laboratory frame may require massive data handling and complex
diagnostic/visualization, and can cancel the potential gains from the time scale reduction due to the boost. The possibility of using a boosted frame to suppress
numerical noise (e.g. due to numerical Cerenkov radiation) will also be explored.

[1] J.-L. Vay, PRL 98, 130405 (2007)

[2] R. A. Fonseca et al, Lecture Notes in Computer Science 2329, 111-342 (Springer-Verlag, 2002)

BP8.00095 Colliding Laser-Produced Plasmas on LaPD! , ANDREW COLLETTE, WALTER GEKELMAN, UCLA —
The expansion and interaction of dense plasmas in the presence of a magnetized background plasma is important in many astrophysical processes, among them
coronal mass ejections and the many examples of plasma jets from astrophotography. Turbulence is expected to be present in many such configurations. We
describe a series of experiments which involve the collision of two dense (initially, n > 10'°cm—3) laser-produced plasmas within an ambient, highly magnetized
plasma. The laser-produced plasmas form diamagnetic cavities in which a large percentage of the background magnetic field (600G) has been expelled. First-
stage observations using a fast (3ns exposure) camera indicate complicated structure at late times, in addition to coherent corrugated structures on the bubble
surfaces. The data hint at the presence of turbulence in the interaction. The second stage of observation consists of direct investigation of the magnetic field
using probes. A novel diagnostic system composed of small (300-500 micron) 3-axis differential magnetic field probes in conjunction with a ceramic motor
system capable of extremely fine (sub-micron) positioning accuracy is currently under development. An ensemble of magnetic field data from fixed and movable
probes makes possible the calculation of the cross-spectral function.

!Research performed under F.E.S. Fellowship Program (ORISE/DOE).

BP8.00096 Three-dimensional RAGE Simulations of Strong Shocks Interacting with Sapphire

Balls , B.H. WILDE, R.F. COKER, LANL, P.A. ROSEN, J.M. FOSTER, AWE, P. HARTIGAN, R. CARVER, Rice, B.E. BLUE, GA, J.F. HANSEN, LLNL —
The goal of our 2007-2008 NLUF experiments at the OMEGA laser facility is to investigate the physics associated with the interaction of strong shocks and jets
with clumpy media. These experiments have close analogs with structures observed in a variety of astrophysical flows, including jets from young stars, outflows
from planetary nebulae, and extragalactic jets. In these experiments, a multi-mega bar shock is created in a plastic layer by heating a hohlraum to 190 eV
temperature with 5 kJ of laser energy. The shock enters a 0.3 g/cc RF foam into which are embedded 500 micron diameter sapphire balls. The shock shears off
the ball such that it creates thin two-dimensional sheets of sapphire which subsequently break up and undergo the three-dimensional Widnall instability (Widnall,
S. E., Bliss, D. B., & Tsai, C. 1974, J. Fluid Mech., 66, 35). The time evolution of the ball/balls is diagnosed with dual-axes point-projection radiography. In
this poster, we discuss the results of high-resolution three-dimensional radiation-hydrodynamic simulations with the adaptive-mesh-refinement RAGE code of
single and multiple balls. Comparisons with data from our August shots will be made.

BP8.00097 Using Hydrodynamic Codes in Modeling of Multi-Interface Diverging Experiments

for NIF: , M.J. GROSSKOPF, R.P. DRAKE, C.C. KURANZ, University of Michigan, T. PLEWA, N. HEARN, University of Chicago, D. ARNETT, C.
MEAKIN, University of Arizona, A.R. MILES, H.F. ROBEY, J.F. HANSEN, B.A. REMINGTON, W. HSING, M.J. EDWARDS, Lawrence Livermore National
Laboratory — Using the Omega Laser, researchers studying supernova dynamics have observed the growth of Rayleigh-Taylor instabilities in a high energy density
system. The NIF laser hopes to generate the energy needed to expand on these experiments to a diverging system. We report scaling simulations to model
the interface dynamics of a multilayered, diverging Rayleigh-Taylor experiment for NIF using a combination of 1D and 2D Hyades, a Lagrangian 3-temperature,
1-fluid hydrodynamic simulation code used within the high energy density physics community, and CALE, a hybrid adaptive Lagrangian-Eulerian code developed
at LLNL and used extensively throughout the hydro community. The simulations will assist in the target design process and help choose diagnostics to maximize
the information we receive in a particular shot. This will be critical given that early experiments on NIF will get few shots and take a considerable amount of
time and money to prepare.

1This research was sponsored by LLNL through contract LLNL B56128 and by the NNSA through DOE Research Grant DE-FG52-04NA00064.

BP8.00098 Effect of relaxation and radiation transport on the structure of electro-magnetically

driven StI’OHg shock waves! , KOTARO KONDO, MITSUO NAKAJIMA, TOHRU KAWAMURA, KAZUHIKO HORIOKA, Tokyo Institute
of Technology, DEPARTMENT OF ENERGY SCIENCES TEAM — Strong shocks appear in many astrophysical phenomena, such as supernova remnants.
lon-electron relaxation process and radiative transport affect the structure of strong shock waves. Study on these phenomena should contribute to get the
well understanding of astrophysical phenomena. We investigate electro-magnetically driven shock in the laboratory experiments. The pulse power device with
tapered electrodes can generates a quasi steady and 1-D shock [1], which enables to analyze ion-electron relaxation and radiation processes. The shock Mach
number can be up to 250, which correspond to 45 km/s. We will discuss the structure of electro-magnetically driven shock, especially ion-electron relaxation
process accompanied with radiation transport, based on experimental results.

[1] K. Kondo, M. Nakajima, T. Kawamura and K. Horioka, Rev. Sci. Instr. 77, 036104 (2006).

1Support from JSPS.

BP8.00099 Laboratory experiments to study supersonic astrophysical flows interacting with

clumpy environments , P.A. ROSEN, J.M. FOSTER, AWE, B.H. WILDE, R. COKER, LANL, B.E. BLUE, GA, R.J.R. WILLIAMS, AWE, F.
HANSEN, C. SORCE, LLNL, P. HARTIGAN, R. CARVER, J. PALMER, Rice University — A wide variety of objects in the universe drive supersonic outflows
through the interstellar medium which is often highly clumpy. These inhomogeneities affect the morphology of the shocks that are generated. The hydrodynamics
is difficult to model as the problem is inherently 3D and the clumps are subject to a variety of fluid instabilities as they are accelerated and destroyed by the
shock. Over the last two years, we have been carrying out experiments on the University of Rochester's Omega laser to address the interaction of a dense-plasma
jet with a localized density perturbation. More recently, we have turned our attention to the interaction of a shock wave with a spherical particle. We use a
1.6-mm diameter, 1.2-mm length Omega hohlraum to drive a composite plastic ablator (which includes bromine to prevent M-band radiation from preheating
the experiment). The ablator acts as a “piston” driving a shock into 0.3 g/cc foam containing a 0.5-mm diameter sapphire sphere. We radiograph along two
orthogonal lines of sight, using nickel or zinc pinhole-apertured x-ray backlighters, to study the subsequent hydrodynamics. We present initial experimental
results and multi-dimensional simulations of the experiment.



BP8.00100 Plasma Jet and Shock Experiments Using High-Power Lasers, YOuICHI SAKAWA, A. OYA, S.
DONO, T. KIMURA, N. OZAKI, Y. KURAMITSU, T. KATO, H. NAGATOMO, K. SHIGEMORI, R. KODAMA, T. NORIMATSU, H. TAKABEA, ILE, Osaka
Univ., JAPAN, B. LOUPAIS, M. KOENIG, LULI, Ecole Polytechnique, France, J. WAUGH, N. WOOLSEY, Dept. of Physics, York Univ., UK — We investigate
laboratory laser-plasma experiments to address questions connected to the formation and collimation of astrophysical jets and shock waves. In particular, we
plan to scale our experiments to non-relativistic jets associated with Young Stellar Object. Experiments were performed with Gekko / HIPER laser system (3w,
500 ps, 300 - 750 J, < 10'® W/cm?) at ILE, Osaka Univ. Several types of targets were used; 10 um thick plane or 600 um diameter hemisphere CH shell targets
with an Au-cone, foam-filled cone targets targets, and hemisphere CH. These targets were used to create plasma jets. In order to produce a shock wave, a He
gas jet system was placed on the bottom on the vacuum chamber. The plasma jet and shock were measured with a Mach-Zender interferometry diagnostic,
using a probe laser pulse in the transverse direction; an ICCD camera with 200 ps gate time and a S1 streak camera were used. As rear-side diagnostics of
self-emission, we used HISAC and SOP for time-evolution measurements of 2-D self-emission profile and temperature, respectively. In all types of the targets,
clear jets were observed.

BP8.00101 Hydrodynamic and atomic-kinetic modeling of photoionised neon plasmas, IAIN HALL,
TUNAY DURMAZ, ROBERTO MANCINI, Univ. of Nevada, Reno, JIM BAILEY, GREGORY ROCHAU, Sandia Nat. Labs., MICHAEL ROSENBURG, DAVID
COHEN, Swarthmore College, IGOR GOLOVKIN, JOSEPH MACFARLANE, Prism Comp. Sciences, MANOLO SHERRILL, JOSEPH ABDALLAH, LANL,
ROBERT HEETER, MARK FOORD, SIEGFRIED GLENZER, LLNL — Photoionised plasmas are common in astrophysical environments and in
recent years, high resolution spectra from such sources have been recorded by the Chandra and XMM-Newton satellites. These have
motivated several recent efforts to understand the atomic-kinetic and radiative characteristics of such plasmas in detail. The Z-pinch
facility at the Sandia lab is the most powerful terrestrial source of X-rays and provides an opportunity to produce photoionised plasmas
in a well characterised radiation environment. We present modeling work and experimental design considerations for a forthcoming
experiment at Sandia in which the X-ray emission from a collapsing Z-pinch will be used to photoionise low density neon contained in a
gas cell. View factor calculations were used to evaluate the radiation environment at the gas cell. These were used to design shielding
which maximises the contribution of Z-pinch emission to the total X-ray flux incident on the gas cell. The Helios-CR code was used to
examine the hydrodynamic characteristics of the gas cell, in particular looking at the heating, temperature and ionisation of the neon
and the absorption of radiation by the plastic walls enclosing the gas.

BP8.00102 Chaotic magnetic fields due to asymmetric current configurations - application to

cross-field diffusion of particles in cosmic rays!, B. DASGUPTA, IGPP, UC-Riverside, A.K. RAM, PSFC, MIT — The observed
cross-field diffusion of charged particles in cosmic ray transport is assumed to be due to chaotic nature of the interplanetary/intergalactic magnetic fields.
The particles are accelerated and energized by the temporal fluctuations of the magnetic field. The generation of chaotic magnetic fields is ad hoc and the
characteristics of the fields are chosen to satisfy the observations. We consider simple current configurations consisting of circular loops and straight wires that
generate asymmetric, nonlinear, steady-state magnetic fields in three spatial dimensions. These magnetic fields are completely deterministic, and, for certain
range of parameters, chaotic. We will present analytical and numerical studies on the generation of chaotic magnetic fields and the nature of these fields. The
motion of charged particles in these magnetic fields can be described by the Lorentz equation. An analysis of the particle motion will also be presented. A
particle moving in a chaotic magnetic field superposed on a uniform background magnetic field is found to undergo spatial transport. This shows that chaotic
magnetic fields can produce cross-field diffusion.

IWork supported by DoE grant DE-FG02-91ER-54109 and NASA grant NNG-4GF83G.

BP8.00103 Dynamics of Cosmic Ray acceleration in a modified shock! , ALEXANDER PUSHKIN, MIKHAIL
MALKOV, PATRICK DIAMOND, University of California San Diego — Backreaction of accelerated cosmic rays (CRs) on the structure of the shock which
supports their acceleration results in bifurcation of stationary solutions. Therefore the process of nonlinear shock acceleration of CRs in strong astrophysical
shocks cannot be fully understood within a steady state approach. We analyze stability and evolution of the structure of a nonlinearly modified shock in the
framework of a zero-dimensional time dependent system of ODEs. The system is derived from the convection-diffusion equation which describes the acceleration
and transport of cosmic rays coupled to the plasma flow profile near the shock. The main variables of the resulting system are the shock strength (in form
of subshock and precursor compression ratios) and the maximum CR energy. A self-consistent dependence of the injection rate on the subshock compression
is included. This study enables: (i) selection of possible acceleration regimes (ii) analysis of stability of different steady state solutions (iii) time dependent
description of the dynamics of coupled CR-shock system.

INASA, US DoE

BP8.00104 Relativistic MHD Jets and Their Interactions with the Intra-cluster Medium , Hui
LI, MASA NAKAMURA, SHENGTAI LI, LANL, HAO XU, LANL/UCSD — We present the formulation of relativistic MHD flows, likely occurring in the
environment of accretion onto supermassive black holes. Three-dimensional relativistic MHD simulations will be presented on how the energy outflow will
partition among different physical components and on the collimation and stability of such systems. The interaction between such flows with their environment,
e.g., the intra-cluster medium, will be discussed.

BP8.00105 Deformation of a magnetized plasma jet upon collision with a neutral gas cloud!,
A.L. MOSER, P.M. BELLAN, Caltech — The Caltech spheromak formation and astrophysical jet simulation experiment uses a coplanar spheromak gun with
magnetically linked concentric electrodes. This geometry and the electric field applied between the electrodes provide an analog to the accretion disk environment
and allow production of collimated plasma jets similar to those found in astrophysical settings. The experiment has been used to study the evolution of a plasma
jet when it collides with a localized neutral gas cloud. The experiment produces a collimated, magnetized dense plasma jet that propagates through a very low
pressure environment before colliding with a high density neutral gas cloud. A high speed camera and a magnetic probe array characterize the physical and
magnetic field structure of the plasma jet with and without a target gas cloud present.

1Supported by USDOE



BP8.00106 MHD kink instability driven by differential rotation , CHRISTOPHER CAREY, CARL SOVINEC,
SEBASTIAN HEINZ, University of Wisconsin — Recent observations of extragalactic outflows from active galactic nuclei suggest that some of these jets maintain
a large scale helical magnetic structure [1]. The kink instability is known to create similar magnetic structures in laboratory plasmas. Thus, extragalactic jets
may resemble a screw pinch topology and be susceptible to the current driven kink instability. We are conducting numerical MHD simulations which will address
the issues of collimation and stability of the extragalactic jet system. In these simulations an initial seed field is twisted by a differentially rotating flow boundary
condition. Three dimensional nonlinear calculations show that the magnetic column produced is kink unstable and that the instability saturates to a helical
magnetic structure. The kink instability in the numerical system leads to conversion of the toroidal magnetic flux, which is injected by the differentially rotating
boundary, to poloidal magnetic flux. Examination of this flux conversion process could lead to a better understanding of how the jet distributes magnetic energy
to the medium which surrounds it. A synthetic diagnostic has been implemented for calculating the synchrotron emission of the numerical jet. This synthetic
synchrotron emission is compared to observations of actual extragalactic jet systems.

[1] D.M. Worrall, M. Birkinshaw, et. al., Mon. Not. R. Astron. Soc., May, 2007

BP8.00107 Experimental and Numerical Studies of Magnetic Bubble Expansion as a Model

for Extra-Galactic Radio Lobes! , A.G. LYNN, Y. ZHANG, University of New Mexico, S.C. HSU, H. LI, W. LI, Los Alamos National
Laboratory, M. GILMORE, CHRISTOPHER WATTS, University of New Mexico — Recent work in plasma astrophysics has suggested that magnetic energy
features prominently in the large-scale evolution of active galaxies. The Plasma Bubble Expansion Experiment (PBEX) will conduct laboratory experiments and
coordinated numerical modeling to address outstanding nonlinear plasma physics issues related to how magnetic energy and helicity carried by extra-galactic
jets interacts with the intergalactic medium to form extra-galactic radio lobe structures. Experiments will be conducted in the 4 meter long, 50 cm diameter
HELCAT linear plasma device at UNM. A new pulsed coaxial gun will form and inject magnetized plasma bubbles into a lower pressure background plasma
formed by the helicon and/or hot cathode source in HELCAT. Experimental parameters will be adjusted so that important dimensionless parameters are relevant
to the astrophysical context. Preliminary magnetic probe measurements and MHD modeling will be presented.

ISupported by NSF-AST/DOE and LANL LDRD

BP8.00108 Instabilities and Structure Evolution in Radiative Shocks, F.w. D0OSs, R.P. DRAKE, A.J. VISCO,
C.C. KURANZ, M.J. GROSSKOPF, University of Michigan, A.B. REIGHARD, Lawrence Livermore National Laboratory, J. KNAUER, Laboratory for Laser
Energetics — Radiative shocks, systems in which radiation transport across the shock front contributes substantially to the properties and dynamics of the
shock, occur frequently in astrophysical systems, motivating our high-energy-density experiments. Recent laser-driven experiments have produced collapsed
shocks by launching 10-20 pum drive disks of Be into shock tubes of Xe gas at atmospheric pressure. This method produces strongly radiative shocks at well
over 100 km/sec. Experiments using x-ray pinhole radiography of collapsed radiative shocks have revealed evidence of structure evolution, perhaps through
instability mechanisms. Recent experiments provided simultaneous normal and oblique data. Theoretical work related to structure growth will also be reported.
This research was sponsored by the NNSA through DOE Research Grants DE-FG52-07NA28058, DE-FG52-04NA0064, and the NNSA Stewardship Science
Graduate Fellowship.

BP8.00109 DYNAMOS AND HELIOPHYSICAL PLASMA PHYSICS —

BP8.00110 Overview of Recent Upgrades to the Madison Dynamo Experiment , ELLIOT KAPLAN,
CARY FOREST, ROCH KENDRICK, CARLOS PARADA, ZANE TAYLOR, Univ. of Wisc.—Madison, MARK NORNBERG, PPPL, ERIK SPENCE, ETH-Zurich
— The Madison Dynamo Experiment is designed to function as a simply-connected, homogeneous dynamo. A turbulent flow of liquid sodium is driven by
two counter-rotating impellers in a one-meter-diameter sphere. The experiment is presently undergoing upgrades to it's magnetic diagnostics and seed field
coils to better refine the measurement of turbulence driven currents. A high current amplifier, to drive the experiment’s seed magnetic field coils, is under
development that will be able to generate a >200 gauss sinusoidal magnetic field in the .1-5 Hz frequency band. The current wave form is generated by applying
pulse-width-modulated square waves to a set of four IGBT switches in an H Bridge configuration which allows the current to flow in either direction through
the external field coils. The duty cycle is determined through one of two methods: An analog circuit generates a reference sine wave and a modulating triangle
wave in an intersective PWM circuit; a Labview Realtime control that uses a PID feedback loop to calculate the duty cycle. This is replacing the present system
of a single IGBT turning on a DC current through the coils. The primary physics goal for this hardware is to measure the electrical skin depth of large scale
magnetic perturbation and unravel the nature of the turbulent resistivity of the experiment.

BP8.00111 Direct Numerical Simulation of Mechanically Driven Turbulent Dynamos in Spher-

ical Geometry , KLAUS REUTER, FRANK JENKO, Max-Planck-Institut fuer Plasmaphysik, CARY FOREST, ADAM BAYLISS, University of Wisconsin-
Madison — A parallel version of a nonlinear pseudo-spectral MHD code for the simulation of liquid metal dynamos in spherical geometry was developed using
a domain decomposition technique. The parallel code exhibits ideal scaling going up to 8 CPUs on shared-memory machines. At 16 CPUs, it still achieves
efficient speedups between 14 and nearly 16. Given today's computational speed, it is now possible to resolve fluid Reynolds numbers of Re &~ 4000 in the
simulations, whereas previous serial computations were limited to Re ~ 1500. Direct numerical simulations are performed to explore the dynamo threshold
Rmc,it (the critical magnetic Reynolds number) in Re-Rm-space for the flow profile of the Madison Dynamo Experiment. The shape of Rmi; has been
determined up to Re = 3000. Furthermore, the code was adapted to model the driving of a new generation of dynamo experiment using plasma instead of
liquid metal. By employing pure toroidal driving in two thin counter-rotating hemispherical shells along the walls, numerical simulations show that the system
reaches a quasi-stationary state with a self-excited magnetic field.

BP8.00112 Optimization of flows in the Madison Dynamo Experiment , N.z. TAYLOR, C.B. FOREST, N.S.
HAEHN, E.J. KAPLAN, R.D. KENDRICK, C.A. PARADA, C.R. WEBER, University of Wisconsin-Madison, M.D. NORNBERG, PPPL, E.J. SPENCE, ETH
Zurich — In the Madison Dynamo Experiment two counter-rotating impellers in a one meter-diameter sphere drive turbulent flows of liquid sodium. One goal
of the experiment is to observe the spontaneous onset of a large scale dynamo in the presence of background turbulence. The time-averaged flows created
by the impellers are expected to be dynamos (assuming that the time-averaged flows are laminar). The role of the fluctuations is expected to increase the
threshold for self-excitation. To observe a dynamo in the experiment, two sets of optimizations are being implemented. First, the mean-flow is being optimized
using a combination of a Computational Fluid Dynamics (CFD) simulation of the experiment coupled with an eigenmode code. The CFD simulation predicts
the velocity field due to the addition of vanes mounted on the outer wall to change the overall pitch of the mean flow. The vane pitch has been optimized by
minimizing the critical magnetic Reynolds number. The second optimization is to reduce the overall turbulent fluctuation amplitude by introducing an equatorial
baffle to partially separate the two hemispheres of the experiment. These optimizations are in the process of being tested in a water version of the experiment
and are being implemented in the sodium experiment.



BP8.00113 A Plasma, Magnetorotational Instability Experiment , c. COLLINS, C.B. FOREST, R. KENDRICK,
University of Wisconsin, Madison, A. SELTZMAN, NUF, Georgia Institute of Technology — A new experiment is underway at the University of Wisconsin
to investigate the magnetorotational instability in a plasma. Magnetorotational instability (MRI) is a likely mechanism that could account for the observed
accretion rates in astrophysical objects. The instability occurs when a weak magnetic field is present, so that tension in perturbed field lines transfers angular
momentum outward while mass moves towards the center. In the Plasma Dynamo Experiment Prototype, a cylindrical, axisymmetric, ring cusp confinement
geometry is used to produce a large unmagnetized plasma, confined by a highly localized magnetic field at the plasma boundary. The plasma is stirred by a
novel axisymmetric electrode set that can control the rotation (angular momentum profile). The feasibility of observing the MRI will be discussed and initial
results from a protoype experiment will be presented.

BP8.00114 A Plasma Dynamo Experiment based upon Ring Cusp Confinement and Electro-

static StiI’I‘il’lg , CARY FOREST, UW Madison, GENNADY FIKSEL, NOAH HERSHKOWITZ, ROCH KENDRICK, STEVE COWLEY, UCLA, ERIK
SPENCE, ETH Zurich — A new plasma experiment to investigate the self-generation of magnetic fields is proposed. The experiment consists of a spherical
vacuum chamber with a series of permanent magnetics, with electrically insulated pole faces, in a ring cusp geometry (poles facing inward with alternating
polarity along the vessel wall). The resulting field is axisymmetric and decays quickly away from the walls providing a large, magnetic field free region in the
central region of the device. To stir the plasma, cathodes positioned between the magnet rings are biased such that the resulting electric field induces plasma
rotation through the ExB drift. The flow drive principle is quite general and by controlling the poloidal profile of the toroidal rotation, high magnetic Reynolds
number plasmas flows can in principle be generated that result in magnetic field self-generation or plasma flows unstable to the magnetorotational instability.
Use of a plasma for such an experiment may allow the magnetic Reynolds number (the dimensionless parameter governing self-excitation of magnetic fields) to
be approximately a factor of 10 larger than in liquid metal experiments and will be the first experiment to investigate self-excited dynamos in a plasma,the state
of matter that makes up most naturally occuring astrophysical dynamos.

BP8.00115 Measuring and imaging bulk flows in laboratory plasma loops! , E.V. STENSON, P.M. BELLAN,
California Institute of Technology — Arched plasmas similar to solar coronal loops are made in the lab by means of a magnetized plasma gun. These plasma
structures are created in a process resembling that used to make spheromaks, exhibit behavior that is also seen in the sun, and demonstrate some very general
flow phenomena. It has been proposed that in a current-carrying flux tube with nonuniform cross-section, plasma jets flow from more constricted to less
constricted regions (P. M. Bellan, Phys. Plasmas 10, 1999 (2003)). By making arched plasmas from two different gas species - one at each of the two footpoints
of the arch - we see that this is indeed the case. High-speed imaging with optical filters reveals a jet emanating from each footpoint. With velocities on the
order of the Alfven speed, these jets move much faster than both the sound speed of the neutral gas and the thermal velocity of the ions. The technique of
using two gases will next be used for experiments wherein two adjacent plasma arches merge. Each will be made of a different gas, so that the process by which
the two combine can be resolved.

Isupported by USDOE and AFOSR

BP8.00116 Observing Energetic Bursts in the Caltech Solar Coronal Loop Simulation® , rJ.

PERKINS, G.S. YUN, P.M. BELLAN, California Institute of Technology — X-ray bursts have previously been observed in a solar coronal loop experiment (J.F.
Hansen, S.K.P. Tripathi, and P.M. Bellan, Phys. Plasma 2, 3177(2004)) where two parallel plasma-filled flux tubes merged in either a co-helicity or counter-
helicity arrangement. These x-ray bursts were observed with a set of x-ray photo-diodes. We are developing means to observe these bursts with additional
diagnostics. A low cost photo-electric detector was thoroughly tested on a test chamber using a xenon flashlamp. The detector utilizes the low work function of
magnesium to measure ultraviolet radiation. A photo-scintillator is being developed to detect hard x-ray emission down to 10 keV. A smaller photo-scintillator
was previously constructed and used in the Caltech spheromak experiment; we have enlarged the scintillating volume in hopes of increasing sensitivity. Finally, in
a single loop experiment, spectroscopic measurements detect the onset of oxygen impurity lines at the loop apex; the onset is simultaneous with the formation
of a bright spot at the same location. Future spectroscopic measurements are planned to investigate the apex region during merging.

ISponsored by USDOE

BPR8.00117 Measurement of Electrical Currents in the Solar Corona, STEVEN SPANGLER, University of lowa
— Some theories for heating of the solar corona invoke Joule heating by electrical currents. Observations of spatially-extended radio sources through the corona
show times when there is a difference in the Faraday rotation between two lines of sight separated by about 33,000 km in the corona. Ampere’s Law is used
to relate these observations to the presence of electrical current flowing between the two lines of sight. | infer a current of 2.5 x 109 Amperes in the case of
the strongest signal, and a current of 2.3 x 10% Amperes in another, marginally significant detection. A model of coronal current sheets is used to interpret
the current measurements, and estimate the volumetric heating rate due to Joule dissipation. The model uses the Spitzer resistivity. The model heating rate
is approximately 6 orders of magnitude less than independent, observational estimates in the relevant part of the corona. Either the currents detected play a
negligible role in coronal heating, or the effective resistivity in the corona is 6 orders of magnitude larger than the Spitzer value.

BP8.00118 Lagrangian Simulations of Current Sheet Formation During Relaxation of an Un-

stable Line-Tied Equilibrium!  LIWEILIN, C.S. NG, A. BHATTACHARJEE, Center for Integrated Computation and Analysis of Reconnection
and Turbulence, Center for Magnetic Self-Organization, University of New Hampshire — Our recent theory, based on reduced MHD equations, predicts the
formation of current sheets (tangential discontinuities) in an ideal line-tied plasma when an unstable equilibrium relaxes to a state of minimum energy [C. S.
Ng and A. Bhattacharjee, Phys. Plasmas 5, 4028 (1998)]. This mechanism has important implications for the heating of the solar corona, first envisioned
by E. N. Parker. Testing of this prediction using conventional Eulerian simulations is subjected to the intrinsic numerical difficulty that the magnetic field line
mapping is not kept fixed explicitly, as required by the line-tied condition. In fact, field line mapping can change substantially by reconnection due to numerical
resistivity. To overcome this obstacle, we have developed a Lagrangian relaxation algorithm to simulate the evolution of an unstable equilibrium by following
the movement of magnetic field lines explicitly. Preliminary simulation results will be presented.

1This research is supported by NSF grant AST-0434322, NASA, and DOE.



BP8.00119 Solar Coronal Heating and Magnetic Energy Build-Up in a Tectonics Model' , m.
GILSON, C.S. NG, A. BHATTACHARJEE, Center for Integrated Computation and Analysis of Reconnection and Turbulence and Center for Magnetic Self-
Organization, University of New Hampshire — Observations from SOHO and TRACE have shown that the solar surface is covered with a so-called “magnetic
carpet,” in which small-scale magnetic flux loops are continually emerging and interacting. The magnetic flux at the photosphere is thus being replaced in every
10-40 hours. This magnetic carpet has important implications for the problem of coronal heating. We have extended a tectonics model of coronal heating [E.
Priest, J. Heyvaerts and A. Title, Astrophys. J. 576, 533 (2002)] and shown, based on analysis and numerical simulations, that the heating rate is independent
of the Lundquist number as well as the photospheric coherence time, if the magnetic footpoints are subject to random photospheric motion. We have also
found that magnetic energy can be built up to a statistically high level before the energy is released by some mechanisms, such as instabilities and/or magnetic
reconnection. We have also shown that even if such processes limit the build-up of magnetic energy, the overall heating rate is still independent of the Lundquist
number.

IThis research is supported by a NSF grant AST-0434322, and a NASA grant.

BP8.00120 The Effect of Magnetic Turbulence Energy Spectral Scaling on the Heating of the

Solar VVIHC]1 , D. MUNSI, C.S. NG, A. BHATTACHARJEE, P.A. ISENBERG, Center for Integrated Computation and Analysis of Reconnection and
Turbulence, Center for Magnetic Self-Organization, University of New Hampshire — Recently, a phenomenological solar wind heating model based on a turbulent
energy cascade prescribed by the Kolmogorov theory has produced reasonably good agreement with observations on proton temperatures out to distances of the
order of 70 AU, provided the effect of turbulence generation due to pickup ions is included in the model. Without the inclusion of pickup ions, the Kolmogorov
scaling law appears to predict a proton temperature profile that drops off too rapidly with radial distance from the Sun. In this study, we have incorporated in
the heating model the energy cascade rate based on Iroshnikov-Kraichnan (IK) scaling, derivable from incompressible magnetohydrodynamics. We show that
the model can produce significantly higher proton temperatures, within the range of observations, with or without the inclusion of pickup ions. Moreover, the
turbulence correlation lengths prescribed by IK scaling seem to follow better the trend of observations, as compared with previous results based on Kolmogorov
scaling, which showed a qualitatively different trend.

I This work is supported by NASA, DOE and NSF.

BP8.00121 Alignment of Velocity and Magnetic Fluctuations in Simulations of Anisotropic

MHD Turbulence! , C.S. NG, A. BHATTACHARJEE, Center for Integrated Computation and Analysis of Reconnection and Turbulence (CICART),
University of New Hampshire, Durham, NH 03824 — There has been recent theoretical interest in the effect of the alignment of velocity and magnetic
fluctuations in three-dimensional (3D) MHD turbulence with a large-scale magnetic field [Boldyrev 2005, 2006]. This theory predicts that the angle 6 between
the velocity and magnetic fluctuation vectors has a scaling of 6 o< AL/4, where X is the spatial scale of the fluctuations. There have also been simulations
on 3D forced MHD turbulence that supports this prediction [Mason et al. 2006, 2007]. The scaling has also been tested against observations of solar wind
turbulence [Podesta et al. 2007]. We report here simulation results based on decaying 2D turbulence. The scaling of 6 « A1/4 and Iroshnikov-Kraichnan scaling
has also been observed within a range of time interval and spatial scales, despite the fact that Boldyrev's theory was developed for fully 3D turbulence in the
presence of a strong external field. As the external field is reduced in magnitude and becomes comparable to the magnitude of magnetic fluctuations or lower,
the scale-dependent alignment is weakened. Implications for observations of solar wind turbulence will be discussed.

IThis work is supported by NASA.

BP8.00122 Scattering of Suprathermal Electrons in the Solar Wind: Particle-in-Cell Simu-

lations , s. PETER GARY, SHINJI SAITO, Los Alamos National Laboratory — Properties of the narrow, magnetic-field-aligned strahl electron velocity
distributions are sensitive indicators of collisionless processes in the solar wind. Three distinct signatures have been observed in the characteristics of this
suprathermal (70 eV < Energy < 1 keV) component: 1) Pitch-angle widths that decrease with increasing energy, 2) Pitch-angle widths that increase with
increasing energy, and 3) Pitch-angle widths that have a distinct maximum as a function of energy. This presentation describes results from particle-in-cell
simulations which have used three different sources of enhanced fluctuations to demonstrate how each of these signatures can arise. Signature 1) is well-
known as being due to scattering by Coulomb collisions, but the simulations have shown that it may also arise as a consequence of scattering by the whistler
anisotropy instability driven by a TL/T” > 1 condition on the electron core component. Signature 2) has been shown by quasilinear theory to arise due to
scattering by a broadband spectrum of whistler fluctuations; our simulations confirm that conclusion. Signature 3) arises from scattering due to the electrostatic
electron/electron instability. The simulations demonstrate how the latter two signatures change with various plasma parameters.

BP8.00123 Remote Measurements of Ion Temperatures in the Terrestrial Magnetotail , amy
KEESEE, EARL SCIME, West Virginia University — The plasma in the terrestrial magnetotail plays a central role in magnetospheric storms and substorms.
Reconnection in the magnetotail yields flows in the tailward and earthward directions, redistribution of energetic particles throughout the inner magnetosphere,
and possibly direct ion heating by waves. The magnetotail, out to 30-40 Earth radii, lies in the field of view of the instruments on the Imager for Magnetopause-
to-Aurora Global Explorer (IMAGE) satellite when the spacecraft is in a favorable position in its orbit. McComas et al. (2002) showed that the Medium Energetic
Neutral Atom (MENA) imager onboard IMAGE measures significant neutral flux from this region during periods of intense magnetospheric activity, i.e., when
the plasmasheet density is enhanced by plasma injections from the solar wind and ionospheric outflows. We present remote ion temperature measurements
calculated from MENA neutral flux measurements from 1 — 60 Earth radii during a substorm on 4-5 October 2000 (DOY 278-279). During the evolution of the
substorm, a wave of increasing ion temperature appears to propagate earthward through the magnetotail.

BP8.00124 Hybrid Simulations of Mini Magnetospheres in the Laboratory , LuiS GARGATE, Instituto
Superior Tecnico, Portugal, RUTH BAMFORD, ROBERT BINGHAM, Rutherford Appleton Laboratory, UK, RICARDO FONSECA, LUIS SILVA, Instituto
Superior Tecnico, Portugal — We use a massively parallel 3D hybrid particle code, dHybrid, to simulate the deflection of plasma beams by a dipole like magnetic
field in a laboratory environment. Dipole magnetic fields, along with a plasma injection source to inflate the magnetic field, are now being studied as means of
deflecting solar wind and Energetic Particles away from spacecrafts [1,2,3]. We have considered three setups, consistent with the experiments, with a plasma
beam fired at i) a dipole field with no plasma injection, ii) a plasma injection source with no dipole field and iii) a dipole field with a plasma injection source.
The hybrid simulations help understand the relevant physical phenomena, and enable extrapolation to space plasma scenarios, where setups are similar but
plasma parameters differ significantly. The simulation results consistently show the plasma beam being deflected by the dipole field, in the first scenario, with
the deflecting distance determined by the magnetic field intensities. The other two scenarios are also studied via hybrid simulations and the main physical
differences between setups are highlighted. Comparisons with experimental results are discussed. [1] D. Winske et al, Phys. Plasmas 12 (2005) [2] Hai-Bin
Tang et al, Phys. Plasmas 14 (2007) [3] http://www.ukssdc.ac.uk/twiki/bin/viewauth/Minimag/WebHome



BP8.00125 3D hybrid simulation of the Titan’s plasma environment , ALEXANDER LIPATOV, GEST Center
UMBC, EDWARD SITTLER JR., RICHARD HARTLE, NASA GSFC — Titan plays an important role as a simulation laboratory for multiscale kinetic plasma
processes which are key processes in space and laboratory plasmas. A development of multiscale combined numerical methods allows us to use more realistic
plasma models at Titan. In this report, we describe a Particle-lon—Fluid-lon—Fluid—Electron method of kinetic ion-neutral simulation code. This method takes
into account charge-exchange and photoionization processes. The model of atmosphere of Titan was based on a paper by Sittler, Hartle, Vinas et al., [2005].
The background ions HT, OF and pickup ions Hi, CHZ' and N;‘ are described in a kinetic approximation, where the electrons are approximated as a fluid.
In this report we study the coupling between background ions and pickup ions on the multiple space scales determined by the ion gyroradiis. The first results
of such a simulation of the dynamics of ions near Titan are discussed in this report and compared with recent measurements made by the Cassini Plasma
Spectrometer (CAPS, [Hartle, Sittler et al., 2006]).

E C Sittler Jr., R E Hartle, A F Vinas, R E Johnson, H T Smith and | Mueller-Wodarg, J. Geophys. Res., 110, A09302, 2005.
R E Hartle, E C Sittler, F M Neubauer, R E Johnson, et al., Planet. Space Sci., 54, 1211, 2006.

BP8.00126 Simulations of plasmas pentrating magnetic barriers' , HERBERT GUNELL, West Virginia University,
TOMAS HURTIG, Swedish Defence Research Agency, MARK KOEPKE, West Virginia University, NILS BRENNING, Royal Institute of Technology, Stockholm,
HANS NILSSON, Swedish Institute of Space Physics — Perturbed currents perpendicular to the magnetic are generated by plasma motions in which the
equilibrium magnetic field (and the corresponding equilibrium currents) are compressed, stretched, and deformed. One example of this is the Earth’s magnetopause
with its ever-present equilibrium transverse currents and its strong perturbations. Experiments have recently been performed using a plasma gun to shoot a
plasma at a magnetic barrier (Brenning, et al., PoP, 2005). It was found that, at a critical drift that is about 2-3 times the ion thermal speed, non-linear
oscillations in the lower hybrid range give rise to a resistivity which is at least 200-300 times the Spitzer resistivity. We present simulations of the above scenario
for different values of the plasma kinetic energy density. We find waves with frequencies on the order of the plasma frequency. These waves contribute to the
electron heating that has been observed both in the experiments and in previous simulations (Hurtig, et al., PoP, 2003).

ISupported by the U.S. Department of Energy, and by the National Science Foundation.

BP8.00127 Spectral Characteristics of Weakly-Collisional Stationary Alfvén Waves! , swm.
FINNEGAN, M.E. KOEPKE, West Virginia University, D.J. KNUDSEN, University of Calgary — The spectral properties of weakly-collisional stationary
Alfvén (StA) waves are presented. StA waves, stationary electromagnetic structures generated by plasma flow across magnetic field-aligned current sheets, have
a stationary parallel electric field structure that can energize electrons along magnetic field lines [Knudsen, JGR (1996)]. Knudsen's model has been generalized
to include collisional and thermal effects. lon-neutral collisions are shown to introduce long-wavelength k-space spectral features which produce “quasi-dc”
field-aligned electron acceleration for both StlA and stationary kinetic Alfvén (StKA) waves. lon- neutral collisions are also shown to broaden spectral features,
without shifting the dominant perpendicular wavenumber for StIA waves. For StKA waves both ion-neutral and electron collisions broaden spectral features
and increase the number of Fourier components. StlA wave spectra and spatial scales are consistent with measurements of dispersive Alfvén wave turbulence
observed by various rocket and satellite missions.

IWork supported by NSF-PHY-0613238 and DOE.

BP8.00128 Generation of Lower Hybrid Waves in an Oxygen Dominated Plasma' , MANISH MITHAI-
WALA, NRL Plasma Physics Division, LEONID RUDAKOV, Icarus Research Inc., GURUDAS GANGULI, NRL Plasma Physics Division — A previous work
considered the generation of ULF waves in the inner Magnetosphere due to a heavy ion ring distribution such as Lithium, Cesium or Barium [Ganguli et al.,
2007]. We extend this analysis by considering the generation of Lower-hybrid waves in an Oxygen dominated plasma at R~500km due to a Barium ion ring
distribution. In this situation it is possible to generate ion-Bernstein modes or Lower-hybrid waves. We demonstrate the criteria in which Lower-hybrid waves
are produced. The growth rate is found to be strongly dependent on the ion thermal velocity. For a broad range of parameters the growth rate v > Qp, so
that the Barium ions are considered to be unmagnetized which simplifies the analysis. The analysis is compared with space experiments done several decades
ago. Ganguli, G., L. Rudakov, M. Mithaiwala, and K. Papadopoulos (2007), Generation and evolution of intense ion cyclotron turbulence by artificial plasma
cloud in the magnetosphere, J. Geophys. Res., 112, A06231, doi:10.1029,/2006JA012162.

ISupported by ONR.

BP8.00129 Laboratory experiments to investigate auroral cyclotron emission processes, SANDRA
MCCONVILLE, KEVIN RONALD, ALAN PHELPS, DAVID SPEIRS, KAREN GILLESPIE, ADRIAN CROSS, COLIN WHYTE, CRAIG ROBERTSON, University
of Strathclyde, ROBERT BINGHAM, BARRY KELLETT, STFC, Rutherford Appleton Laboratory, IRENA VORGUL, ALAN CAIRNS, University of St Andrews
— In the auroral regions of the Earth’s magnetosphere, particles are accelerated downwards into an increasing magnetic field. Magnetic compression leads to
the formation of a velocity distribution in the shape of a horseshoe due to conservation of the magnetic moment. Kilometric radiation is observed in association
with this process, polarised in the X-mode. The RF output power has been estimated at 107-10°W, corresponding to a beam-wave conversion efficiency of 1-2%.
A cyclotron maser instability driven by the horseshoe distribution is thought to be the source of this Auroral Kilometric Radiation (AKR). A scaled laboratory
experiment was created, to simulate this naturally occurring phenomenon. Measurements of the radiation conversion efficiency, mode and spectral content were
obtained and seen to be in close agreement with numerical predictions and also with satellite observations in the magnetosphere. The experiment is currently
being modified by introducing a background plasma to give a better representation of the natural environment. The latest results of this modification shall be
presented.

BP8.00130 Ionospheric Interaction Experiments With Gigawatts, J.p. SHEERIN, J.M. GERRES, M.E. BACON,
Eastern Michigan Univ., B.J. WATKINS, W.A. BRISTOW, U. Alaska-Fairbanks, S.I. OYAMA, Nagoya U., C.J. HEINSELMAN, SRI, K.M. GROVES, AFRL —
High power HF transmitters have induced a number of plasma instabilities in the interaction region of overdense ionospheric plasma. We report results from the
first such experiments to use over one gigawatt of HF power (ERP) in comprehensive studies of strong Langmuir turbulence (SLT) and particle acceleration.
Among the effects observed and studied are: SLT spectra including the outshifted plasma line or free-mode, appearance of a short timescale ponderomotive
overshoot effect, artificial field-aligned irregularities (AFAI), the aspect angle dependence of the intensity of the plasma line, and suprathermal electrons. We
explore the observed magnetic-zenith effect of enhanced turbulence backscatter with the HF pump wave directed up the field line. Experimental results are
compared to previous high latitude experiments and predictions from recent modeling efforts.
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2:00PM CI1.00001 Reduced kinetic descriptions of weakly driven plasma waves! , RYAN LINDBERG,
University of California, Berkeley — We present a model of kinetic effects in Langmuir wave dynamics using a nonlinear distribution function that includes particle
separatrix crossing and self-consistent electrostatic evolution. This model is based on the adiabatic motion of the particles in the wave, and uses the fundamental
frequency, its harmonics, and a nearly uniform electric field to describe BGK-type Langmuir waves over a wide range of temperatures (0.1 < kAp < 0.4). This
asymptotic distribution function yields a nonlinear frequency shift of the Langmuir wave that agrees well with Vlasov simulations, and can furthermore be used
to determine the electrostatic energy required to develop the phase-mixed, asymptotic state. Energy conservation is used in conjunction with our kinetic theory
results to build a simplified model of nonlinear Landau-type damping. The resulting nonlinear, dynamic frequency shift and damping can be used in an extended
three-wave type model of driven Langmuir waves, and we discuss comparisons of this model to Vlasov simulations in the context of Raman backscatter.

IWith A.E. Charman and J.S. Wurtele. Supported by University Education Partnership Program through LLNL and DOE grant No. DE-FG02-
04ER41289

2:30PM CI1.00002 Fluid theory of magnetized plasma dynamics at low collisionality* , J.J. RAMOS,
Massachusetts Institute of Technology — A general fluid moment formalism for magnetized plasmas in a broadly defined low-collisionality regime [1] is presented.
This analysis includes collisional terms based on full Fokker-Plank operators for far-from-Maxwellian distribution functions. It is also valid for any magnetic
geometry and for fully electromagnetic nonlinear dynamics with arbitrarily large fluctuation amplitudes. Upon asymptotic expansion in the small ratio between
the ion Larmor radius and the shortest macroscopic length scale in the absence of small scale turbulence, two-fluid finite-Larmor-radius systems applicable to
macroscopic dynamical evolution on either sonic or diamagnetic drift time scales are obtained. In particular, first significant order FLR equations for the stress
tensors and the heat fluxes are given, including a discussion of the collisional terms that need be retained and of the closure terms that need be determined
kinetically. With a subsidiary small-parallel-gradient ordering for large-aspect-ratio toroidal plasmas in a strong but weakly inhomogeneous magnetic field, a new
reduced two-fluid system is derived, taking into account all the diamagnetic effects associated with arbitrary density and anisotropic temperature gradients.
[1] J.J. Ramos, Phys. Plasmas 14, 052506 (2007).

IWork supported by the U.S. Department of Energy.

3:00PM CI1.00003 Turbulent transport via wave-particle decorrelation in collisionless plasmas!
, ZHIHONG LIN, University of California, Irvine — Understanding the transport mechanism of anisotropic turbulence in collisionless magnetized plasmas is both a
fundamental physics issue and a necessary step for projecting confinement properties of next-generation fusion reactors such as the International Thermonuclear
Experimental Reactor (ITER). To delineate the role of fluid convection vs. kinetic scattering in turbulent transport, we study the electron heat transport
arises from the nonlinear wave-particle interaction for the parallel resonance of the electron temperature gradient mode and for the precessional resonance in
collisionless trapped electron mode in large scale kinetic simulations using the gyrokinetic toroidal code, GTC [Lin et al, Science 281, 1835 (1998)]. We found
that wave-particle decorrelation is the dominant mechanism responsible for the electron heat transport driven by the electron temperature gradient (ETG)
turbulence characterized by radial streamers. The radial transport is driven by the local fluctuation intensity and the phase-space island overlapping leads to a
diffusive process with a time scale close to the wave-particle decorrelation time associated with the spectral width of the fluctuations. The kinetic time scales
relevant to the transport process are much shorter than the fluid turbulence auto-correlation time, eddy turnover time, and linear growth time. Therefore, the
extrapolation of the transport level from present-day experiments to future larger devices could be over-pessimistic, if the simplistic mixing length argument is
invoked with the streamer length as the random walk spatial step size and the fluid time scale as the time step size. The mechanism of electron heat transport
in collisionless trapped electron mode (CTEM) turbulence through de-tuning of precessional resonance will also be reported.

1n collaboration with Y. Nishimura, I. Holod, W. L. Zhang, Y. Xiao, L. Chen, P. H. Diamond, T. S. Hahm, S. Ethier, S. Klasky, F. Zonca. Work
supported by DOE SciDAC GPS Center

3:30PM CI1.00004 Experimental investigation of blob physics in the TORPEX toroidal plasma

, IVO FURNO, Centre de Recherches en Physique des Plasmas-Ecole Polytechnique Fédérale de Lausanne, Association EURATOM-Confédération Suisse —
Extensive experimental data from tokamaks, stellarators, reversed field pinches and basic linear devices reveal that particle and energy transport in the Scrape-
Off-Layer is mostly non-diffusive and associated with the intermittent propagation of blobs. These are poloidally-localized regions extending along the field
lines where the plasma pressure is enhanced compared to the surrounding plasma. Significant advances in understanding the mechanism for blob generation
and the associated turbulent transport are achieved in the TORPEX toroidal device (R=1m, a=0.2m) using an experimental setup in which blobs are produced
and diagnosed under controlled laboratory conditions. Full spatio-temporal imaging of blobs and associated energy and particle transport are obtained using
conditional sampling of data from movable electrostatic probes with high spatial and temporal resolution. For the first time, the mechanism for plasma blob
generation is experimentally identified on the basis of two-dimensional profiles of electron density and temperature, plasma potential and velocity fields. We
show that blobs form from a radially elongated structure that is sheared off by the ExB flow. The structure originates from an interchange wave that increases
in amplitude and extends radially in response to a decrease of the local radial pressure scale length. The dependence of the blob size upon the radial density
gradient is also discussed. Two mechanisms for the transport across the magnetic field can be clearly quantified: the flux driven by the fluctuating density
and potential associated with interchange modes, and the radially propagating blobs. Preliminary simulations of blob generation using a non-linear two-fluid
numerical code are also presented.

4:00PM CI1.00005 A Compact Double-pass Raman Backscattering Amplifier/Compressor!

JUN REN, Princeton University — The resonant Stimulated Raman backscattering (SRBS) amplifier/compressor in plasma has been shown to move towards
reaching ultra-high laser intensities [1,2]. However, the achieved energy transfer efficiency from pump to seed is still much below that predicted by theory
[3]. We will present the enhancement of SRBS by introducing the proper plasma density gradient along the pump/seed interaction path. The energy transfer
efficiency was significantly improved. The seed pulse was amplified by a factor of more than 10,000 from the input in a 2mm long plasma, which also exceeded
the intensity of the pump pulse by almost 2 orders of magnitude. Moreover, this amplification was accompanied by very effective pulse compression, from
500 fsec down to 90 fsec, in a single pass. SRBS was further improved by a novel double-pass design, in which “left over” of the pump from the first pass
and amplified seed were passed through the same plasma for another round of interaction. The energy transfer efficiency was increased by another factor
of ~ 2 and the pulse was compressed down to~50 fsec without increasing the size and cost of the system. The crucial result of the two-pass experiment
was a very significant improvement in the efficiency of the system, with a 6.4% energy transfer from the pump to the ultra-short pulses. This result was
more than a factor of 6 improvements in comparison to the best of our previous results [2], which makes this SRBS amplifier/compressor close to a practical device.
[1] Y. Ping, W. Cheng, and S. Suckewer, Phys.Rev.Lett. 92, 175007 (2004).

[2] W. Cheng, Y. Avitzour, Y. Ping, S. Suckewer, N. J. Fisch, M. S. Hur, and J. S. Wurtele Phys. Rev. Lett. 94, 045003 (2005).

[3] V. M. Malkin, G. Shvets, and N. J. Fisch, Phys. Rev. Lett. 82, 4448 (1999).

1Presenter J. Ren, co-authors: W. Cheng, S. Li and S. Suckewer



4:30PM CI1.00006 Broadband Dielectric Function of Non-equilibrium Warm Dense Gold:!
, YUAN PING, Lawrence Livermore National Laboratory — Warm Dense Matter refers to states in which the thermal and Fermi energies are comparable
and the energy of Coulomb interaction between ions is greater than their kinetic energy. The behavior of such systems is dominated by electron degeneracy,
excited electronic states and ion-ion correlations, rendering them a truly daunting many-body problem. Interest in Warm Dense Matter has been growing
among broad disciplines including plasma physics, condensed matter physics, Inertial Confinement Fusion science, shock physics and material science under
extreme conditions. This is driven by the fundamental urge to understand the convergence between plasma and condensed matter physics, and the practical
need to understand dynamic behavior in the transformation of a cold solid into a high energy density plasma. A recent advance in this emerging field is the
observation of the broadband optical properties of non-equilibrium warm dense gold at high energy densities. Using the approach of isochoric laser heating in a
femtosecond pump-probe experiment we have obtained temporally resolved measurements of the dielectric function in the spectral range of 450-800nm [PRL
96, 255003 (2006)]. This allows us to unveil for the first time the behavior of intraband and interband transitions in warm dense gold at excitation energy
densities of 106 — 107 J/kg, providing an unique opportunity to examine effects of electron band structure and electron distribution. This talk is a review of
the experimental technique and the new findings.
In collaboration with D. Hanson, I. Koslow, T. Ogitsu, D. Prendergast, E. Schwegler, G. Collins and A. Ng (UCRL-ABS-232890).

IWork performed under the auspices of the U.S. Department of Energy by the University of California LLNL under contract #W-7405-ENG-48 and also
supported by NSERC, Canada
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2:00PM CT2.00001 Scaling extreme astrophysical phenomena to the laboratory - a tutorial!
, BRUCE A. REMINGTON, Lawrence Livermore National Laboratory — The ability to experimentally study scaled aspects of the explosion dynamics of
core-collapse supernovae (massive stars that explode from the inside out) or the radiation kinetics of accreting neutron stars or black holes on high energy
density (HED) facilities, such as high power lasers and magnetic pinch facilities, is an exciting scientific development over the last two decades. [1,2] Additional
areas of research that become accessible on modern HED facilities are studies of fundamental properties of matter in conditions relevant to planetary and
stellar interiors, protostellar jet dynamics, and with the added tool of thermonuclear ignition on the National Ignition Facility, excited state (“multi-hit") nuclear
physics, possibly relevant to nucleosynthesis. Techniques and methodologies for studying aspects of the physics of such extreme phenomena of the universe in
millimeter scale parcels of plasma in the laboratory will be discussed.
[1] “Experimental astrophysics with high power lasers and Z pinches,” B.A. Remington, R.P. Drake, D.D. Ryutov, Rev. Mod. Phys. 78, 755 (2006).
[2] “High energy density laboratory astrophysics,” B.A. Remington, Plasma Phys. Cont. Fusion 47, A191 (2005).

1This work was performed under the auspices of the U.S. Department of Energy by the Lawrence Livermore National Laboratory under Contract No.
W-7405-ENG-48.
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2:00PM CO03.00001 Overview of the 2007 NSTX experimental campaign® . b.A. GATES, PPPL, AND

THE NSTX TEAM — The 2007 experimental campaign covered a wide range of scientific topics. Measurements of the turbulent electron fluctuation spectrum
were made in many different plasma conditions including H-mode plasmas, L-mode plasmas, and plasmas with internal transport barriers using the microwave
scattering system which spans a range in wavenumber to k) pe ~ 1 . RWM feedback control has been explored with and without correction of time-varying error
fields, allowing mode stabilization and plasma rotation sustainment throughout the discharge. The upgraded lithium evaporator was used extensively and was
observed to raise the electron temperature in H-mode plasmas. Improved mode conversion of Electron Bernstein wave emission was observed in high elongation
H-mode plasmas after lithium evaporation. A new Alfvén wave was observed, the B-induced Alfvén eigenmode, and 3 suppression of Alfvén cascades was also
observed. Deuterium puffing has been used to produce partial divertor detachment in highly shaped plasmas without affecting plasma performance. A record
electron temperature of 4.7keV was achieved using HHFW heating. Plasmas with high elongation k ~ 2.6 have been maintained with high non-inductive current
fraction fy1 ~ 0.55. These and other results will be summarized. *This work was supported by DoE contract No. DE-AC02-76CH03073

2:12PM CO03.00002 Experimental investigation of turbulent fluctuations with the scale of

collisionless skin depth in NSTX plasmas! , E. MAZZUCATO, R.E. BELL, J.C. HOSEA, B.P. LEBLANC, H.K. PARK, D.R. SMITH,
J.R. WILSON, Princeton Plasma Physics Laboratory, C.W. DOMIER, N.C. LUHMANN, JR., U.C. Davis, W. LEE, Pohang University — Various numerical
simulations support the conjecture that the ubiquitous problem of anomalous electron transport in tokamaks may arise from a turbulence driven by the electron
temperature gradient, with large radial structures on the scale of the collisionless skin depth (d5). In this paper, we present results from measurements of
turbulent fluctuations in the National Spherical Torus Experiment (NSTX), where the low level of ion transport anomaly makes plasma conditions uniquely
suitable for the study of electron transport. Plasma density fluctuations are measured with coherent scattering of electromagnetic waves using a novel scattering
geometry where the probing beam propagates obliquely to the magnetic field and the radial resolution of measured signals is greatly improved by the toroidal
curvature of magnetic field lines. The onset of a broadband turbulence with a radial scale of ~ § is observed during electron heating with high harmonic fast
waves (HHFW). Numerical calculations are underway to identify the nature of observed fluctuations.

1Work supported by DOE Contract DE-AC02-76CH03073.

2:24PM C03.00003 Internal transport barriers in NSTX reversed-shear plasmas', HOWARD YUH,
F.M. LEVINTON, Nova Photonics, R.E. BELL, J.C. HOSEA, B.P. LEBLANC, D.R. SMITH, E. MAZZUCATO, H.K. PARK, S.M. KAYE, PPPL, S. KUBOTA,
UCLA — Simultaneous internal transport barriers in both ion and electron channels have been observed in reversed shear (dg/dr < 0) discharges on NSTX.
While these ITBs can be observed in discharges with only neutral beam heating, a HHFW (high-harmonic fast wave) RF power scan was performed at constant
beam input power to scan the electron temperature gradient. Measurements show that the electron and ion transport barriers can be at different minor radii,
suggesting different mechanisms for the suppression of ion and electron turbulence. Examination of the roles of magnetic and velocity shears with respect to ion
and electron transport is possible through the use of CHERS and the newly upgraded 16 channel NSTX MSE diagnostic which now provides full coverage from
the outboard plasma edge to past the magnetic axis with 3-4 cm resolution. Additional measurements from these well diagnosed plasmas, including Thomson
scattering, X-ray diodes, reflectometry, and high-k fluctuations, will be examined in addition to results from TRANSP and GS2 linear simulations.

I This research was supported by U.S. DOE contracts DE-FG02-99ER54520 and DE-AC02-76CH03073



2:36PM C03.00004 Beta Scaling and Momentum Transport Studies in NSTX , STANLEY KAYE, w.
SOLOMON, R.E. BELL, B.P. LEBLANC, Princeton Plasma Physics Laboratory, F.M. LEVINTON, NOVA Photonics, J.E. MENARD, Princeton Plasma Physics
Laboratory, S.A. SABBAGH, Columbia University, H. YUH, NOVA Photonics — Experiments have been carried out in NSTX to study both the beta scaling
of confinement and momentum transport. Beta scaling studies were carried out at fixed collisionality and normalized electron gyroradius both in highly shaped
plasmas (k=2.1, 6=0.8) and in weakly-shaped plasmas (k=1.8-1.9, §=0.4). In the highly shaped plasmas, which exhibited small ELMS in the range of beta
from 7 to 20%, no degradation of energy confinement was observed. In the more weakly shaped plasmas, the character and impact of ELMs changed markedly
from low to high beta, leading to a severe degradation of confinement as beta increased. Momentum diffusivity in NSTX does not scale with ion thermal
diffusivity, as at conventional aspect ratio, possibly due to suppression of ITG modes due to high ExB shear. Perturbative momentum transport studies, using
non-resonant n=3 magnetic braking of the plasma, have been carried out, and these indicate momentum confinement times that are a factor of two to three

greater than the energy confinement time, as well as significant inward momentum pinch velocities. This work is supported by United States DOE contract
DE-AC02-76CHO03073.

2:48PM C03.00005 Gyroradius-Scale Ion Gradients in NSTX! , RE. BELL, B.P. LEBLANC, PPPL, R. MAINGI,

ORNL, S.A. SABBAGH, Columbia U. — The spherical torus geometry is well suited to compare experimental profiles on a fundamental transport scale. The
low-field region in the low-aspect ratio NSTX along with a high spatial resolution charge exchange spectroscopy system make gyroradius-scale ion measurements
possible. lon temperature and density gradients with gyroradius-scale widths have been measured in some NSTX plasmas. Measured ion temperature changes
of AT; = 250 — 500 eV are observed over Ar ~ 1 cm with total Larmor radius ~ 1 cm. Minimum gradient widths comparable to the larger banana orbit width
would normally be expected from “random walk” arguments of neoclassical theory. Since radial electric field (E,) gradients also vary on a gyro-radius scale,
distortion of the gyro orbit is expected to cause orbit shrinking or orbit expansion [1], depending on the sign of E,. Orbit shrinking removes the apparent
discrepancy in the gradient width.

[1] K. C. Shaing, A. Y. Aydemir, R. D. Hazeltine, Phys. Plasmas 5, 3680 (1998).

IThis work supported by U.S. DOE Contract # DE-AC02-76CH03073.

3:00PM CO03.00006 Active Resistive Wall Mode Feedback with Expanded Sensors in NSTX!
, S.A. SABBAGH, J.M. BIALEK, Columbia University, R.E. BELL, D.A. GATES, B.P. LEBLANC, J.E. MENARD, PPPL, NSTX TEAM — The resistive wall
mode (RWM) active stabilization system on NSTX is expanded to include sensors measuring radial and poloidal mode components both above and below the
plasma midplane. Various combinations of these control sensors are used to determine the effect on feedback performance. Plasma rotation and profile variation
is generated by non-resonant magnetic braking using an applied n = 3 field configuration. Variation of the relative difference between the measured n = 1 RWM
phase and the applied control field phase demonstrates both positive and negative feedback. Poloidal deformation of the mode observed during feedback at low
plasma rotation [1] is examined with feedback using sensors both above and below the device midplane. Amplitude modulation of the measured n = 1 RWM
sensor signal, thought to be resonant field amplification, can appear in both radial and poloidal sensors below the computed ideal MHD no-wall beta limit as
determined by DCON stability analysis. The frequency of this modulation decreases as the RWM becomes unstable.
[1] S.A. Sabbagh, R. Bell, J.E. Menard, et al., Phys. Rev. Lett. 97, 045004 (2006).

IWork supported by U.S. DOE Contracts DE-FG02-99ER54524 and DE-AC02-76CH03073.

3:12PM CO03.00007 Toroidal Alfven Eigenmode Avalanches on the National Spherical Torus

Experimentl , ERIC FREDRICKSON, D. DARROW, N.N. GORELENKOV, S.S. MEDLEY, Princeton Plasma Physics Laboratory, Princeton, New Jersey,
S. KUBOTA, N. CROCKER, UCLA, Los Angeles CA — Experiments on the National Spherical Torus Experiment have found the fast ion beta threshold for
excitation of Toroidal Alfven Eigenmodes (TAE). A further increase in beam heating power is seen to push the TAE into a repetitive cycle of increasingly stronger
bursts, each cycle culminating in a large, multi-mode burst and a drop in the neutron rate of approximately 10%. These strong bursts are identified as TAE
avalanches [Nucl. Fusion 35 (1995) 1661]. In such an avalanche, the fast-ion phase-space islands describing the orbits of fast ions trapped in the TAE wave field
have reached such an amplitude that islands from multiple modes overlap, leading to greatly enhanced transport of the fast ions, and a concomitant increase
in the drive for the modes. Transport of fast ions in ITER is expected to be through a similar multi-mode interaction. Fast ion transport will be studied with
NOVA and ORBIT, benchmarked on mode amplitudes measured with a multi-channel reflectometer array.

IWork supported by U.S. DOE Contract DE-AC02-76CH03073.

3:24PM CO03.00008 Dependence of the L-H power threshold on magnetic balance and heating

method in NSTX! |, R. MAINGI, T. BIEWER, Oak Ridge National Lab, H. MEYER, UKAEA Fusion-Culham, R. BELL, B. LEBLANC, Princeton
Plasma Physics Lab, C.S. CHANG, New York University, NSTX TEAM — H-mode access is a critical issue for next step devices, such as the International
Thermonuclear Experimental Reactor (ITER), which is projected to have a modest heating power margin over the projected L-H power threshold (PLH). The
importance of a second X-point in setting the value of PLH has been clarified in recent experiments on several tokamaks. Specifically a reduction of PLH was
observed when the magnetic configuration was changed from single null (SN) to double null (DN) in the MAST, NSTX, and ASDEX-Upgrade devices [1].
Motivated by these results, detailed PLH studies on NSTX have compared discharges with neutral beam and rf heating, as a function of drsep. Similar PLH
values and edge parameters are observed with the two heating methods in the same magnetic configuration, with PLH ~ 0.6 MW lowest in DN and increasing
to ~ 1.1 MW and 2-4 MW in lower-SN and upper-SN configurations respectively (ion grad-B-drift towards lower X-point). The evolution of the experimental
profiles of parameters in L-mode before the L/H transition will be compared with simulations using the XGC code (C.S. Chang).

[1] MEYER, H. et al., Nucl. Fusion 46 (2006) 64.

1Sponsored by US DOE in part by contract #DE-AC05-000R22725.

3:36PM C03.00009 Overview of Transient CHI Plasma Start-up in NSTX and HIT-II, r. RAMAN,
T.R. JARBOE, B.A. NELSON, University of Washington, D. MUELLER, M.G. BELL, Princeton Plasma Physics Laboratory — The capability for solenoid-free
current generation provides greater flexibility in a tokamak reactor design by allowing access to lower aspect ratio configurations. NSTX is testing the method
of transient coaxial helicity injection as a way of generating this current. This current is produced by discharging a capacitor across the lower divertor plates in
the presence of toroidal and poloidal magnetic fields. This causes an expanding plasma to detach from the lower divertor plates resulting in the formation of
a closed flux equilibrium. The method was originally developed in the HIT-1I ST at the Univ. of Washington, where up to 100 kA of closed flux current was
generated. Coupling this to induction resulted in CHI started discharges to consistently out-perform what was possible by induction alone, producing nearly 300
kA of current using only 52 mWhb of solenoid flux. Recently application of this method on NSTX has resulted in the production of record levels of non-inductively
generated closed flux current (>160 kA). Initial tests on NSTX have allowed coupling this current to induction from the central solenoid. This work supported
by U.S. DOE Contracts # DE-AC02-76 CH03073and DE-FG02-99ER54519 AMO08



3:48PM CO03.00010 Non-Solenoidal Startup of the Ultra-Low Aspect Ratio Pegasus ST!, nw.
EIDIETIS, D.J. BATTAGLIA, M.\W. BONGARD, M.J. FROST, G.D. GARSTKA, A.C. SONTAG, B.J. SQUIRES, E.A. UNTERBERG, University of Wisconsin-
Madison — Pegasus is an extremely low aspect ratio tokamak exploring quasi-spherical, high-pressure plasmas and developing plasma formation and control
techniques for future ST /tokamak applications. Non-inductive startup has been demonstrated using washer gun current sources in the lower divertor region.
The injected current initially follows the helical structure of the crossed toroidal and vertical fields, but at extremely low field applied field (Byy ~ .005 T,
Br & .01 T) relaxation to a tokamak-like plasma occurs. Toroidal currents of 50 kA have been driven by less than 4 kA injected current. Iy >12 MA/m-T
is observed in these plasmas. Compatibility with ohmic operation has been demonstrated by successful hand-off of gun-produced plasmas to ohmic current
drive. A mid-plane gun system, easily implemented on any machine with mid-plane port access, is presently under development. The formation of non-inductive
plasmas and hand-off to ohmic induction has been demonstrated using this system. Current drive experiments using PF induction of a midplane seed plasma
are underway.

IWork supported by U.S. DOE Grant DE-FG02-96ER54375

4:00PM CO0O3.00011 Recent EBW Emission Results on NSTX! 5] DIEM, G. TAYLOR, P.C. EFTHIMION, B.P.
LEBLANC, Princeton U., J.B. CAUGHMAN, T.S. BIGELOW, J.B. WILGEN, ORNL, R.W. HARVEY, CompX, J. PREINHAELTER, J. URBAN, Czech Inst.
of Plasma Phys., S.A. SABBAGH, Columbia U. — NSTX high beta plasmas operate in the overdense regime, allowing the electrostatic electron Bernstein
wave (EBW) to propagate and be strongly absorbed and emitted at the electron cyclotron resonances. As such, EBWs may enable local electron temperature
measurements and provide local electron heating and current drive. For these applications, efficient coupling between EBWs and electromagnetic waves outside
the plasma is needed. Thermal EBW emission, measured on NSTX with two remotely steered, quad-ridged antennas, has been used to determine the EBW
transmission efficiency for a wide range of plasma conditions. The antennas collect fundamental (8-18GHz), second and third (18-40 GHz) EBW emission via
the oblique B-X-O mode conversion process. Recent H-mode results show that fundamental and second harmonic EBW transmission efficiencies >30% are
observed for certain edge conditions. Experimental results from this diagnostic and comparisons to modeling will be presented.

1This work is supported by USDOE DE-AC02-76CH03073 and a grant to encourage innovations in fusion diagnostic systems.

4:12PM CO03.00012 Recent results from MAST spherical tokamak , ANTHONY FIELD, Culham Laboratory,
MAST TEAM — Following installation of a new PINI source, the MAST spherical tokamak has been operating with up to 3.8 MW of NBI heating. The
scaling of confinement could hence be determined over a greater range of power and current and integrated analysis of diagnostic data has facilitated transport
analysis. First particle confinement data from pellet fueled plasmas has also been obtained. Density peaking in L-mode has been found to scale with normalised
current density as in conventional tokamaks. Off-axis NBI current drive has been studied in extreme SND discharges. A new 28 GHz RF system has generated
and sustained 33 kA of plasma current without the solenoid and EBW assisted start-up has also been demonstrated. Internal coils have been installed for
ELM control and to excite TAE modes and study their damping. The structure and evolution of the edge radial E-field has been measured with a new edge
spectroscopy system and first measurements of core density turbulence are available from a BES system. Further results on ELM structure, SOL filaments and
the divertor plasma have also been obtained using improved edge diagnostics.

4:24PM C03.00013 Investigation of transient phenomena on MAST using high resolution

Thomson scatterlng , R. SCANNELL, M.J. WALSH, M. DUNSTAN, Culham Laboratory, MAST TEAM — The MAST tokamak is equipped with
high spatial resolution Ruby laser and high time resolution Nd:YAG laser TS diagnostics. The Nd:YAG lasers are viewed by two separate sets of optics. One of
these lens systems views the core region and measures at spatial resolution of 2.5-4cm and the other examines the plasma edge with 1cm resolution. This newly
installed edge system has already produced a number of important results. In H-mode and L-mode filaments have been observed using laser time separations
of 1-20us. The high spatial resolution has allowed determination of the evolution of the outboard pressure pedestal, which plays a critical role in determining
plasma stability. The variable time separation between lasers has also been exploited to study pellet deposition and retention in the plasma. A major upgrade
to the core Nd:YAG system is now being planned. It is proposed to replace the current four lasers with a combined sampling rate of 200Hz at 1.0J with eight
lasers with a combined sampling rate of 240Hz at 1.6J. The increase in laser energy together with new optics will allow the system to sample at high spatial
resolution.

4:36PM CO03.00014 Lithium Loaded Target Plate for driving NSTX toward high performance!
, LEONID E. ZAKHAROV, RICHARD MAJESKI, Princeton University, PPPL — Following CDX-U, the NSTX device in PPPL is on its way to the new plasma
confinement and stability regimes when the pumping lithium surface will provide a high temperature plasma edge. Both ion and electron gradient turbulence is
expected to be suppressed in this regime, while the finite edge current density at the separatrix will stabilize ELMs. So far, NSTX has made only a modest step
in this direction using the LITER evaporators, which did improve the boundary conditions for the plasma but did not provide pumping of the plasma particles.
Nevertheless, even with such modest implementation of the idea of the LiWalls a significant improvement of the confinement as well as ELM stabilization
became evident on NSTX. The real step toward the high performance requires transition to a target divertor surface with molten lithium. The only option for
NSTX, which was not designed for lithium pumping, is the Lithium Loaded Target Plate (LLTP), with inertial cooling by a copper substrate (separated from
lithium by a thin stainless steel or other material foil). The talk describes the reference LiWall regime in NSTX with a 6 fold increase of the confinement time
compared to its current value. It also describes the consistency of LLTP with heat and particle extraction from the plasma.

1Supported by US DoE contract No.DE-AC020-76-CHO-3073

Monday, November 12, 2007 2:00PM - 5:00PM —

Session CO5 Compression and Burn | Rosen Centre Hotel Salon 11,12

2:00PM CO05.00001 Measurable Lawson Criterium and Hydro-Equivalent Curves for Inertial

Confinement Fusion , R. BETTI, C.D. ZHOU, Fusion Science Center and Laboratory for Laser Energetics, U. of Rochester — The Lawson’s
criterion that determines the onset of thermonuclear ignition is usually expressed through the product pr =~ 10 atm s, where p is the plasma pressure and 7 is the
energy confinement time. In magnetic fusion devices, both the pressure and confinement time are routinely measured, and the performance of each discharge
can be assessed by comparing the value of pr with respect to the ignition value (10 atm s). In inertial fusion, both p and 7 cannot be directly measured and the
performance of a subignited ICF implosion cannot be assessed with respect to the ignition condition. Here, we derive a form of the Lawson's criterion that can
be directly measured in ICF implosions. Such a new ignition criterion depends on the only two measurable quantities in the ICF fuel assembly: the total areal
density and the hot-spot ion temperature. In cryogenic implosions, the total areal density can be measured through secondary proton spectroscopy, neutron
spectroscopy, or x-ray radiography. The ion temperature is measured with the neutron time-of-flight (nTOF) diagnostic. Thus, one can use such a new criterion
to assess how far current and future subignited ICF implosions are from achieving ignition. This work was supported by the U.S. Department of Energy under
Cooperative Agreements DE-FC52-92SF19460 and DE-FC02-04ER54789.



2:12PM C0O5.00002 Implosion experiments using D,\*He filled glass capsules doped with noble

gases: A Study.1 , JOHN BENAGE, GEORGE KYRALA, DOUG WILSON, MARK GUNDERSON, HANNA MAKARUK, Los Alamos National Lab,
JOHANN FRENJE, C.K. LI, RICHARD PETRASSO, MIT, BARUCH YAAKOBI, LLE, WARREN GARBETT, AWE — When simulations are unable to match
the yield in ICF implosion experiments, “mix" is commonly used to fix the simulation. If this fix is in any way assumed to model reality, then we are assuming
that the simulations calculate the effect of the mix on the implosion and yield correctly. To study whether this assumption is valid, we have done a series of
experiments that purposely add a fixed amount of mix of varying atomic number and density. The experiments are very well characterized, measuring the proton
and neutron yields, the ion and electron temperatures, the pR and radius of the capsule, the radiation emission, and the x-ray spectra from the capsule. We find
that,in general, the calculations have great difficulty matching this data. A summary of the measurements for various dopants and dopant levels and how well
the calculations compare will be presented. Some possible reasons for the modeling difficulties will be discussed along with some preliminary efforts to address
these problems.

I'Work supported by US DOE/NNSA under Contract DE-AC52-06NA25396.

2:24PM CO05.00003 Radiative Effects on Direct Drive Implosion Temperatures' , JA. KOCH, H-K.
CHUNG, R. HEETER, W. HSING, R.W. LEE, A. MILES, H.-S. PARK, H. ROBEY, H. SCOTT, R. TOMMASINI, Lawrence Livermore National Laboratory, J.
FRENJE, C.K. LI, R. PETRASSO, Plasma Science and Fusion Center, Massachusetts Institute of Technology, V. GLEBOV, University of Rochester, Laboratory
for Laser Energetics — We have performed experiments at the Omega Laser Facility to measure time-resolved electron (Te) and ion temperature (Ti) in implosion
plasmas. These experiments used direct laser drive on thin glass shells filled with a mixture of D, 3He, Kr, and Xe, and used neutron and proton emission to
diagnose Ti along with x-ray emission to diagnose Te. The Kr dopant serves as an optically-thin tracer for Te measurements via K-shell spectroscopy, while
the Xe dopant enhances radiation losses and alters time-dependent temperatures through the shock and compression phases. These experiments are intended
to establish an experimental platform for studying the energetics effects of high-Z dopants in hot, dense plasmas, including ignition plasmas at the National
Ignition Facility. We describe the experiments and the supporting hydrodynamics simulations.

IThis work was performed under the auspices of the U.S. Department of Energy by the University of California Lawrence Livermore National Laboratory
under contract No. W-7405-ENG-48.

2:36PM CO0O5.00004 Modeling NLTE effects in thin-shell direct-drive Omega capsule

1mp10510n51 , A.R. MILES, J.A. KOCH, W. HSING, H.-S. PARK, H.F. ROBEY, H.A. SCOTT, Lawrence Livermore National Laboratory , J.A. FRENJE,
C.K. LI, R.D. PETRASSO, F.H. SEGUIN, MIT, V.YU. GLEBOV, C. STOECKL, Laboratory for Laser Energetics, U. of Rochester — An experimental effort
is currently underway in which thin (4 um) glass-shell DHe3-filled capsules are fielded in direct-drive implosions at the OMEGA Laser Facility. The thin shells
result in fast implosions and shock-heating of the gas to ion temperatures up to about 10 keV, while the electron and radiation temperatures remain significantly
lower and separate from one another. One goal of these experiments is to obtain independent time-resolved measurements of these three temperatures in order
to study matter-radiation coupling in a system that is nonequilibrium and can be made to be NLTE by adding high-Z dopants such as Xe. The addition of Xe
has a strong imact on the implosion dynamics and TN vyields, and makes the targets much more difficult to model via numerical simulations. In this paper, we
compare simulation results obtained with different NLTE models and discuss requirements for reasonable agreement with the data.

IThis work was performed under the auspices of the U. S. Department of Energy by the University of California, Lawrence Livermore National Laboratory
under contract No. W-7405-Eng-48.

2:48PM C05.00005 Effects of *He Addition on Implosion of DT Capsules on Omega , Hw.
HERRMANN, J.M. MACK, D.C. WILSON, J.R. LANGENBRUNNER, C.S. YOUNG, J.H. COOLEY, S.C. EVANS, T.J. SEDILLO, G.A. KYRALA, L. WELSER-
SHERRILL, LANL, C.J. HORSFIELD, D.W. DREW, AWE, UK, E.K. MILLER, NSTec STL, V. YU GLEBOV, LLE, UR — Glass (SiGDP) capsules were imploded
in direct drive on the Omega laser to look for anomalous degradation in yield (i.e., beyond what is predicted) with 3He addition similar to the “factor of two"
degradation previously reported by MIT at a 50% 3He atom fraction (Rygg et al,. Phys. Plasmas 13, 2006). We did not see a significant anomalous degradation.
The cause of the “Rygg” anomaly is as of yet unexplained, but differences in gas mixture (DT vs D2) or shell parameters (glass vs plastic, diameter and wall
thickness) may be responsible for the absence of this anomaly in the recent data. In addition, a short laser pulse (600 ps) was used to temporally separate shock
and compression yield components in order to investigate mix. Previously, anomalously low compression yield had been observed when imploding glass targets
containing 10 atm DT with 10 kJ of laser energy. This effect was not seen in the recent data with 5 atm DT and 15 kJ, and the resulting v and n burn histories
were in good qualitative agreement with predictions for 3He addition. Work supported by US DOE/NNSA, performed by LANL, operated by LANS LLC under
Contract DE-AC52-06NA25396.

3:00PM CO5.00006 Mix Degradation in DT Filled Capsules When Shock and Compression

Yields are Resolved , D.c. WILSON, H.W. HERRMANN, J.M. MACK, C.S. YOUNG, G.A. KYRALA, J.H. COOLEY, L. WELSER-SHERRILL, J.R.
LANGENBRUNNER, S.C. EVANS, T.J. SEDILLO, Los Alamos National Laboratory, C.J. HORSFIELD, D.W. DREW, AWE, Aldermaston UK, E.K. MILLER,
NSTec STL, V. YU. GLEBOV, Laboratory for Laser Energetics, U. of Rochester — 1100um dia. DT(5atm) + 3He (0,1,or 5 atm) filled glass capsules were
directly driven on the Omega laser to measure yield, X-ray images, and especially the burn time history. The 600ps square pulse increases time separation
between the “shock” yield (before the reflected shock reaches the incoming shell) and later “compression” yield. Matching the timing and amount of this
early “shock” yield in the implosions fixes the electron conduction flux limiter. The Scannapieco and Cheng mix model results are compared with measured
yield, burn temperatures and histories, and gated X-ray images. The experiment shows degradation of both the shock and compression yield, but relatively
more degradation of the compression yield than explained by the model. The first gated images, which occur when the reflected shock reaches the incoming
shell, show significant mixing has already occurred. But the lack of X-ray emission 60ps earlier suggests no mixing then. Work supported by US DOE/NNSA,
performed by LANL, operated by LANS LLC under Contract DE-AC52-06NA25396. LA-UR-07-4929.

3:12PM CO0O5.00007 Evaluation and modeling of burn reaction histories using a directly driven

capsule with two laser pulses , J.H. COOLEY, L. WELSER-SHERRILL, D.C. WILSON, H.W. HERRMANN, J.M. MACK, S.C. EVANS, T.J.
SEDILLO, C.S. YOUNG, LANL, NM, C.J. HORSFIELD, D.W. DREW, AWE, UK, E.K. MILLER, NSTec STL, CA, V. YU. GLEBOV, C. STOEKL, LLE, UR,
NY, R.A. LERCHE, LLNL, CA — Experiments were designed and fielded on the Omega laser to measure reaction history from capsules exposed to two distinct
600ps laser pulses. The purpose of the experiments was to produce a burn history with two peaks by using a time delay between the two laser pulses and thus
obtain a compression and re-compression yield. However, although the results obtained produced two distinct yield peaks, further modeling indicated that the
dynamics of the shell and in particular the mix of the ablator into the fuel were very different then our earlier understanding. These results and analysis will be
presented and discussed. Work supported by US DOE/NNSA, performed by LANL, operated by LANS LLC under Contract DE-AC52-06NA25396.



3:24PM CO05.00008 Development of Shock-Timing Techniques for the National Ignition Facil-

lty , T.R. BOEHLY, M.A. BARRIOS, D.E. FRATANDUONO, T.C. SANGSTER, D.D. MEYERHOFER, Laboratory for Laser Energetics, U. of Rochester, P.M.
CELLIERS, D. MUNRO, G.W. COLLINS, O.L. LANDEN, LLNL, R.E. OLSON, SNL — To optimize the drive for ignition targets on the National Ignition Facility,
initial experiments will use surrogate targets to measure the timing and strength of shocks produced by that drive. These targets use an ignition-style capsule
fitted with a deuterium-filled re-entrant cone embedded in that shell. The shocks are observed in flight through a transparent window using optical diagnostics.
We report on OMEGA experiments that are scaled and designed to validate this shock-timing technique using both open geometry and hohlraum targets with
embedded cones, by quantifying and mitigating the effects of preheat by hard-x-ray hohlraum emission on the inner capsule surface, deuterium column, and
window. This work was supported by U.S. Department of Energy Office of Inertial Confinement Fusion under Cooperative Agreement No. DE-FC52-92SF19460.

3:36PM CO0O5.00009 X-Ray Ablation Rates of ICF Capsule Materials , RE. OLSON, G.A. ROCHAU, R.J.

LEEPER, SNL — Accurate knowledge of the X-ray ablation rates of low-Z capsule materials will be essential for successful indirect-drive ICF ignition experiments.
We have performed experiments to measure the X-ray ablation rates in Be, Cu-doped Be, high density carbon (HDC), polystyrene (CH), Ge-doped CH, and
polyimide. The X-ray fluxes were supplied by hohlraums driven by the Omega Laser at the University of Rochester [1]. The measurements were made in planar
geometry utilizing diagnostic techniques described in Ref. 2. Be and Cu-doped Be have been selected as the ablator materials to be used in ignition capsules
at U.S. National Ignition Facility (NIF). HDC has been selected as a NIF backup ablator. The ablation rates in Be and Cu-doped Be are in the range of 3-12
mg/cm? /ns for hohlraum radiation temperatures of 160-250 eV. The HDC ablation rates are a bit lower, in the range of 2-9 mg/cm? /ns for temperatures of
170-260 eV. The corresponding implied ablation pressures are in the range of 40-160 Mbar for beryllium and 20-140 Mbar for HDC. Our post-shot computational
simulations are mostly within the uncertainties of the ablation rate measurements. An iterative rocket model has been developed and used to relate the planar
ablation rate data to convergent Omega ablation rate experiments and also to full-scale NIF ignition capsule calculations. [1] T. R. Boehly et al., Opt. Commun.
133, 496 (1997). [2] R. E. Olson et al., Phys. Plasmas 11, 2778 (2004).

3:48PM CO0O5.00010 Time-resolved measurements of in-flight ablator performance using

streaked X-ray radlography , DAMIEN HICKS, BRIAN SPEARS, CHUCK SORCE, PETER CELLIERS, OTTO LANDEN, GILBERT COLLINS,
Lawrence Livermore National Laboratory, THOMAS BOEHLY, University of Rochester — Determining ablator performance during an implosion is a critical
part of the NIF tuning campaign. In particular, it is vital to have an accurate, in-flight measure of the velocity, areal density, and mass of the ablator. We
present a new technique which achieves time-resolved measurements of all these parameters in a single, area-backlit, streaked radiograph. This is accomplished
by tomographically inverting the radiograph to determine the radial density profile at each time step; scalar quantities such as the average position, thickness,
areal density, and mass of the ablator can then be determined simply by taking moments of this density profile. Application of this technique is demonstrated
on Cu-doped Be capsule implosions at Omega. This work was performed under the auspices of the U.S. Department of Energy by University of California,
Lawrence Livermore National Laboratory under Contract W-7405-Eng-48.

4:00PM C0O5.00011 Influence and measurement of mass ablation in ICF implosions!, BRIAN SPEARS,
D. HICKS, C. VELSKO, M. STOYER, H. ROBEY, D. MUNRO, S. HAAN, O. LANDEN, Lawrence Livermore National Lab, D. WILSON, Los Alamos National
Lab, A. NIKROO, General Atomics — Point design ignition capsules designed for the National Ignition Facility use an xray-driven Be(Cu) ablator to compress
the DT fuel. Ignition specifications require the mass of unablated Be(Cu), called residual mass, be known to within 1% of the initial ablator mass when the fuel
reaches peak velocity. We discuss the impact of variations in residual mass on the relevant capsule failure modes based on one- and two-dimensional radiation
hydrodynamics. Experiments designed to measure and to tune the amount of residual mass are being developed as part of the National Ignition Campaign. We
also discuss a set of measurement techniques that aim to measure the residual mass along with the peak velocity of the DT fuel. UCRL-ABS-232765

1This work was performed under the auspices of the Department of Energy by the Lawrence Livermore National Laboratory under contract number
W-7405-ENG-48.

4:12PM C05.00012 Monoenergetic Proton Radiography Studies of Matter and Field Distri-

butions in Cone-in-Shell Capsule Implosions , J.R. RYGG, F.H. SEGUIN, C.K. LI, J.A. FRENJE, R.D. PETRASSO, MIT PSFC,
R. BETTI, D.D. MEYERHOFER, C. STOEKL, W. THEOBALD, UR LLE — The matter and electromagnetic (E/B) field distributions in inertial confinement
fusion implosions have been studied for the first time using monoenergetic proton radiography. Time-gated observations of the deflection and downshift of
14.7-MeV D3He protons passing through implosions of cone-in-shell capsules were used to measure megagauss magnetic fields with complex topology in the

capsule corona, areal densities in the capsule, and substantial blowoff of cone material. This work was supported by the Univ. of Rochester Fusion Science
Center (Contract 412761-G).

4:24PM CO05.00013 Monoenergetic Proton Radiography Observations of E and B Field Evo-

lution Outside Imploding, Direct-Drive ICF Capsules, F.H. SEGUIN, CK. LI, J.R. RYGG, J.A. FRENJE, R.D. PETRASSO,
MIT PSFC, R. BETTI, O.V. GOTCHEV, J.P. KNAUER, F.J. MARSHALL, D.D. MEYERHOFER, V.A. SMALYUK, UR LLE — Monoenergetic proton radiog-
raphy has been used to make the first observations of electromagnetic fields that appear outside imploding inertial confinement fusion capsules as a result of
laser-plasma interactions in direct-drive experiments at OMEGA. Images made with 15-MeV protons and ~130 ps time resolution show that field structures that
are roughly spherically symmetric form around the capsule shortly after the onset of laser illumination; these gradually change to radially filamented structures
before dying away. Estimates of mode numbers and field strengths will be made, and the relationship between the field evolution and measured spectra of
ablator ions will be discussed. This work was performed in part at the LLE National Laser User’s Facility (NLUF), and was supported in part by US DOE, LLNL,
LLE and FSC at Univ. Rochester.

4:36PM CO0O5.00014 Monoenergetic Proton Radiography Measurements of Implosion Dynam-

ics in Direct-Drive Inertial Confinement Fusion ,k CK. LI, F.H. SEGUIN, J.R. RYGG, J.A. FRENJE, R.D. PETRASSO, MIT
PSFC, V.A. SMALYUK, R. BETTI, J. DELETTREZ, J.P. KNAUER, F.J. MARSHALL, D.D. MEYERHOFER, D. SHVARTS, UR LLE, R.P.J. TOWN, O.L.
LANDEN, LLNL — Time-gated, monoenergetic proton radiography provides unique measurements of implosion dynamics of spherical capsules in direct-drive
inertial confinement fusion. Proton radiographs obtained at different times, from acceleration through coasting, deceleration, and final stagnation, display a
complete picture of ICF spherical implosion. Critical information inferred directly from such images uniquely characterizes the spatial structure and temporal
evolution of plasma areal density and field distributions in an imploded target that was hitherto unavailable from conventional measurements. Data are contrasted
with both self-emitted x rays and hydro simulations. The work described here was performed in part at the LLE National Laser User's Facility (NLUF), and was
supported in part by US DOE, LLNL, LLE and FSC at the Univ. Rochester.



4:48PM CO05.00015 Double-shell capsules, an alternative to the single-shell cryogenic NIF

deSlgl’l , G.R. MAGELSSEN, N.D. DELAMATER, M.A. GUNDERSON, I|.L. TREGILLIS, M.J. SCHMITT, Los Alamos National Laboratory — Recently, Los
Alamos has renewed its effort[1] to design and evaluate double-shell capsules as an alternative to the single- shell cryogenic NIF design.[2] The recent work by
Livermore is being used as a starting point.[3-4] One to two megajoules of laser energy is used as input into the designs being considered. Sensitivity studies to
P2 and P4 radiation flux asymmetries have been done and are presented in a separate talk.[5] Also, mix calculations of both the NIF capsule design and the
double-shell design recently fielded on Omega3 will be presented in another talk.[6] Fully integrated calculations of the double-shell designs will be presented.
Preliminary simulations with Rage, an Eulerian AMR code, will be shown that address the issue associated with gaps created by bringing two hemispheres
together to create the outer shell. 1. M.S. Varnum et al., Phys. Rev. Lett. 84, 5153 (2000). 2. D.A. Callahan et al., Phys. of Plasmas 13, 56307 (2005). 3.
P.A. Amendt et al., Phys. Rev. Lett. 94, 65004 (2005); private communication. 4. J.L. Milovich et al., Phys. of Plasmas 11, 1552 (2004). 5. I.L. Tregillis,
this conference. 6. N.D. Delamater et al., this conference.

*Work supported by US DOE/NNSA, performed at LANL, operated by LANS LLC under Contract DE-AC52-06NA25396.
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2:00PM CO06.00001 Design of a Positron—Electron Pair-Plasma Production Experiment on

OMEGA EP . J. MYATT, A.V. MAXIMOV, R.W. SHORT, D.D. MEYERHOFER, Laboratory for Laser Energetics, U. of Rochester — It is shown that
an eTe™ pair-plasma can be created on OMEGA EP, a feat yet to be achieved in the laboratory. Monte Carlo calculations show that a yield of between 10!
and 1012 positrons can be produced on OMEGA EP by a combination of the Bethe—Heitler conversion of hard-x-ray bremsstrahlundzl and the trident processEl
assuming a total laser energy of 5 kJ. For the expanding ete™ cloud to be a plasma, there must be many particles in a Debye sphere, and the cloud must be
many Debye lengths in size. Particle-in-cell calculations are used to demonstrate that a megagauss DC magnetic field, produced by a second OMEGA EP beam,
can be used to provide the necessary confinement and, therefore, density of the cloud. This work was supported by the U.S. Department of Energy Office of
Inertial Confinement Fusion under Cooperative Agreement DE-FC52-92SF19460.

1 J. D. Bjorken and S. D. Drell, Relativistic Quantum Mechanics, International Series in Pure and Applied Physics (McGraw-Hill, New York, 1964); D.
A. Gryaznykh, Ya. Z. Kandiev, and V. A. Lykov, JETP Lett. 67, 257 (1998); K. Nakashima and H. Takabe, Phys. Plasmas 9, 1505 (2002).
2 E. P. Liang et al., Phys. Rev. Lett. 81, 4887 (1998).

2:12PM CO06.00002 High-Brightness ~keV Source and Diagnostic Development , c. sToECKL, w.
THEOBALD, P.A. JAANIMAGI, P. NILSON, M. STORM, J.A. DELETTREZ, R. EPSTEIN, T.C. SANGSTER, Laboratory for Laser Energetics, U. of Rochester,
D. HEY, A.J. MACKINNON, H.-S. PARK, P.K. PATEL, R. SHEPHERD, LLNL, J. GREEN, K.L. LANCASTER, P.A. NORREYS, RAL — High-energy-petawatt
(HEPW), laser-driven backlighter sources with photon energies from ~1 to ~ 3 keV have a broad range of applications in high-energy-density physics and inertial
confinement fusion. Backlighter source development studies have been performed on the VULCAN petawatt laser at RAL and the Multi-Terawatt laser at LLE
and will be continued on OMEGA EP. The x-ray emission was measured on aluminum flat-foil targets. A conversion efficiency of up to 1 x 1075 1/eV/sr from
laser energy into the Al He,-line energy was observed. Assuming a circular emission region with a FWHM of ~25 ym and an emission time of 30 ps a brilliance
of ~15 J/eV/ps/sr/cm? can be inferred. This work was supported by the U.S. Department of Energy Office of Inertial Confinement Fusion under Cooperative
Agreement DE-FC52-92SF19460.

2:24PM CO06.00003 The Trident 250TW Short-Pulse Laser Upgrade at LANL: System and

Initial Results®, J.C. FERNANDEZ, K.A. FLIPPO, C. GAUTIER, B.M. HEGELICH, R.P. JOHNSON, T. SHIMADA, J.B. WORKMAN, Los Alamos
National Laboratory — The Trident laser-facility at Los Alamos has served for more than 20 years as an important tool in ICF and Material Dynamics research
[1,2,3] An energy / power upgrade of the short pulse beam line to 150J / 250 TW and a new short pulse front end has been installed. Moreover, a third target
area dedicated to combined short pulse / long pulse experiments is being built. The combination of this powerful new short-pulse beam line with the two flexible
long pulse beams and a total of three different target areas, makes Trident a highly flexible and versatile research tool for high energy density laboratory plasma
research. In this presentation, the upgraded capabilities are described, and results from initial operation are summarized.

[1] N. K. Moncur et al., Appl. Opt. 23, 4274 (1995)

[2] D. S. Montgomery et al., PRL 87, 155001 (2001)

[3] Swift, Damian C., et al., Phys Rev E 69, 036406 (2004)

IThis work is sponsored by the US DOE/NNSA and the LANL LDRD program.

2:36PM CO06.00004 Conversion efficiencies of 2D high energy Ka radiography embedded wire

back lightersl , BRIAN MADDOX, HYE-SOOK PARK, BRUCE REMINGTON, MARK MCKERNAN, PRAVESH PATEL, SEBASTIEN LE PAPE,
Lawrence Livermore National Laboratory — The absolute Ko yield of micro wire radiography back lighter targets was studied as a function of laser intensity
and pointing to determine the effects of electron refluxing inside the substrates on Ka photon production. Silver wires measuring 10x10x300um embedded into
100um and 300um square CH substrates were subject to short pulse, high intensity 1053nm laser light at the Titan laser facility. Laser pulse length was set
to 40 ps with intensities from 3x10'7 to 3x10'® W/cm?. Conversion efficiencies into 22 keV Ka x-rays were measured using a CCD camera in single photon
counting configuration, calibrated using Cd'%9 and Fe®® sealed sources. X-ray images of the laser focal spot at 65 eV and 256 eV were obtained to verify laser
pointing and focus. Our results suggest refluxing plays only a minor role in Ko production; rather it is the direct coupling between the laser and the metal wire
that dictates conversion efficiency. This work is in support of the Advanced Radiographic Capability (ARC) effort to use x-rays generated by high intensity, short
pulse lasers as a diagnostic for experiments on NIF.

IThis work was performed under the auspices of the U.S. Department of Energy by University of California, Lawrence Livermore National Laboratory
under Contract W-7405-Eng-48.



2:48PM CO06.00005 Short-pulse laser K-alpha conversion efficiency in gas jet targets, N.L. KUGLAND,
C.G. CONSTANTIN, P. NEUMAYER, A. COLLETTE, A.L. KRITCHER, E.L. DEWALD, J.S. ROSS, S.H. GLENZER, C. NIEMANN, PHYSICS DEPARTMENT,
U.C. LOS ANGELES TEAM, LAWRENCE LIVERMORE NATIONAL LABORATORY TEAM, NUCLEAR ENG. DEPARTMENT, U.C. BERKELEY TEAM —
We have measured the absolute conversion efficiency of K, X-rays from short pulse laser irradiation of chlorine and argon gas jet targets, and performed a direct
comparison of Cl K, yield from both gaseous and solid chlorine-containing targets. The K, conversion efficiencies in a 3.5% Cl gas jet target and a 100%
Ar target (n ~ 10'® cm™3) are comparable to the conversion efficiency obtained for 33% Cl solid saran targets (n =~ 1023 cm™2). The conversion efficiency
integrated from K, to Kz is an order of magnitude higher in gas jet targets than in solid targets. This work was performed under the auspices of the U.S.
Department of Energy by the University of California Lawrence Livermore National Laboratory, through the Institute for Laser Science and Applications, under

contract No. W-7405-Eng-48. This work was also supported by the Lawrence Livermore National Laboratory Student Employee Graduate Research Fellowship
program.

3:00PM C0O6.00006 High resolution 17 to 68 keV K-alpha backlighter for high-energy density

experlments .1, HYE-SOOK PARK, B.R. MADDOX, M. KEY, S. LEPAPE, A.G. MACPHEE, P.K. PATEL, T.W. PHILLIPS, B.A. REMINGTON, R.
TOMMASINI, Lawrence Livermore National Lab, C.A. BACK, E. GIRALDEZ, General Atomics — Backlighters of energy >17 keV are needed for many high
energy density experiments on new facilities such as NIF and Omega-EP. Such high energy source can be created from hot electron interactions with target
materials when illuminated by high intensity short pulse lasers. We carried out experiments to demonstrate that high energy 1-D and 2-D radiography is possible
using micro-foils and small micro-wires (10 x 10 x 300 microns long) targets attached to low-Z substrates. We have tested Mo (17 keV), Ag (22 keV), Sm (40
keV) and Au (69 keV) micro-foil and micro-wire targets using the Titan laser at LLNL and utilized them to radiograph laser driven samples. We measure spatial
resolutions better than 10 um. We also measured K-alpha yields using a single hit CCD camera and a crystal spectrometer up to Pb (78 keV). This paper will
present our radiography results and K-alpha source characteristics comparing them with the required signal level for NIF experiments.

IThis work was performed under the auspices of U.S. Department of Energy by the University of California Lawrence Livermore National Laboratory
under Contract No. W-7405-Eng-48.

3:12PM CO06.00007 Polarized K-shell radiation due to anisotropic fast electron distribution

in ultra-intense laser produced plasmas , TORU KAWAMURA, Tokyo Institute of Technology, TAKESHI KAI, ILE, Osaka University,
FUMIHIRO KOIKE, Kitasato University, SHINOBU NAKAZAKI, University of Miyazaki, YUICHI INUBUSHI, YASUAKI OKANO, SHINSUKE FUJIOKA,
TATSUFUMI NAKAMURA, TOMOYUKI JOHZAKI, HIDEO NAGATOMO, HIROAKI NISHIMURA, KUNIOKI MIMA, ILE, Osaka University — In fast ignition
research, the transport of fast electrons generated by ultra-intense laser pulses is one of critical issues. To gain insight into the fast electron transport, polarized
x-ray spectroscopy has been proposed. At a laser intensity of about 10171/ /em?2, the polarized K-shell radiation was observed [1]. A new time-dependent
atomic population kinetics code has been developed [2], and the numerical predictions show that the polarization arises in corona region, and no polarization
is found in dense region. An aspect ratio of anisotropic fast electron temperatures associated with longitudinal and transverse directions is correlated with the
polarization. In the presentation, the prospect of fast electron transport will be discussed for fast ignition research. [1] H. Nishimura et al., PPCF, 47, B823
(2005). [2] T. Kai et al., PRA, 75, 012703 (2007), T.Kawamura et al., submitted (2007).

3:24PM CO06.00008 Laser Generated Ion Beams in the Context of Sandia’s HEDP Mission' ,
MATTHIAS GEISSEL, BRIGGS ATHERTON, GUY BENNETT, AARON EDENS, PATRICK RAMBO, JENS SCHWARZ, Sandia National Laboratories, ERIK
BRAMBRINK, LULI - Ecole Polytechnique — First experiments were performed at the 100 TW target area of the Z-Petawatt laser characterizing ion beam
emission from laser irradiated solid density targets. These experiments addressed radiography and fast ignition concepts to be applied at the Z- Accelerator
facility at Sandia National Laboratories. Cu, Al and Au targets were used for Target-Normal-Sheath- Acceleration of protons and heavier ions. Proton energies
up to 30 MeV were measured, and the dependence of ion spectra on varying laser parameters was studied. An imaging proton spectrometer was used to
investigate the acceleration due to field-enhancement effects at the target edge (edge emission). The usage of imaging plates was successfully introduced for
charged particle beam analysis and compared to CR39 detector results.

1Sandia is a multiprogram laboratory operated by Sandia Corporation, a Lockheed Martin Company, for the United States Department of Energy’s
National Nuclear Security Administration under contract DE-AC04-94AL85000. SNL approval: SAND 2007-3217A.

3:36PM CO06.00009 2D Modeling of Field Ionization Role in Ion Acceleration from Thin Foils

Irradiated by Laser Pulse of 10! W /cm? Intensity , 1v. GLAZYRIN, RENC-VNIITF, V.YU. BYCHENKOV, FIAN, A.V.

KARPEEV, RFNC-VNIITF — Matter ionization under interaction of femtosecond Ti-Sa laser pulse of 1021 W/cm? intensity with Al foil of 0.1 um thickness
is determined with electric field. Electrons appeared after ionization are anisotropic in space, but developing Weibel instability makes electrons distribution
function isotropic in time. Numerical simulations using 2D hybrid code (the PIC model for fast electrons and the MHD approach for thermal particles) have
been done to study the role of field ionization of initially non-ionized Al. In the case of field ionization accountingamount of ions with the energy in the range of
20-100 MeV is more than by an order exceeds the amount of ions in the case of initial plasma set. This work was supported in part by the International Science
and Technology Center (Project No. 2289).

3:48PM C06.00010 Ion acceleration due to explosions of nanoparticles driven by hot electrons,
MASAKATSU MURAKAMI, Institute of Laser Engineering, Osaka University, MOTOHIKO TANAKA, National Institute for Fusion Science — Plasma expansion
into vacuum and resultant ion acceleration is studied both analytically and numerically, where the expansion of an initially uniform nanoparticle with radius
Rjq and electron density neo is driven by explosion of thrmal electrons with initial temperature Tco. Such key outputs as the energy spectrum, maximum ion
kinetic energy, and electrons-to-ions energy transfer efficiency are explicitly given as a function of Rfq, neo, and Teg. The simulation results turn out to be well
reproduced by a self-similar solution [Phys. Plasmas Vol.13, 012105 (2006)], which describes an expansion of a finite-size non-quasi-neutral plasma mass into
vacuum with a full account of charge separation effects.

4:00PM CO06.00011 Angular distribution of fast electrons and protons in short pulse laser

target Interaction! , HUI CHEN, Y. PING, S. WILKS, A. KEMP, R. SHEPHERD, LLNL, D. OFFERMANN, A. LINK, L. VAN WOERKOM, OSU, L.
ELBERSON, U. Maryland, J. KING, UCSD, C. CHEN, MIT — Ultra intense short pulse laser pulses incident on solid targets can generate relativistic electrons
either from direct laser electric field acceleration or the ponderomotive force associated with the gradient of the field. These electrons can then generate energetic
protons due to the target normal sheath acceleration mechanism. These fast electrons and protons can effectively heat the solid target beyond the region of
direct laser interaction and are important aspects of the fast ignition concept. One of the outstanding questions is the directionality of these fast particles, as
the physics governing this will ultimately affect the energy transfer efficiency from laser to the compressed core. To this end, we have carried out experiments
to systematically measure the angular distributions of fast electrons and protons for laser intensity from 108 to 1020 Wcm? on the Callisto laser at LLNL
for a variety of target materials and thickness, using multiple diagnostics. We found highly anisotropic distributions of particles for a variety of experimental
conditions.

1 This work was performed under the auspices of the U.S. DOE by UC LLNL under contract No. W-7405-Eng-48.



.4:12PM CO06.00012 Influence of sheath fields on hot electron emission from small foils irra-
diated by intense laser pu15951 , TOSHINORI YABUUCHI, HIDEAKI HABARA, TSUYOSHI TANIMOTO, KAZUO A. TANAKA, Graduate
School of Engineering, Osaka Univ., TATSUFUMI NAKAMURA, KUNIOKI MIMA, Institute of Laser Engineering, Osaka Univ. — Strong sheath fields are
excited around a rear surface of foils because hot electrons depart from foils irradiated by intense laser pulses. The field strength can be weakened because of a
spreading of field-excited region caused by the charge flow on the foil surface. The field can inhibit the hot electron emission from the foils, therefore, the field
strength has an influence on the emission number of hot electrons. The effect of field spreading on the electron emission is studied using foils with different
areas. The signal intensity of hot electrons is reduced by 70% in our experiments when the inscribed radius of foils is reduced from 870 um to 87 um, which is
much shorter than the laser pulse length (~ 200 pm). PIC simulations indicate that the number reduction is caused by a higher sheath potential in a small foil
case. In that case, the sheath potential grows quickly and is high for a long period because the field spreading is restricted within the foil area.

I This work was supported by MEXT, Grant-in-Aid for Creative Scientific Research (15GS0214).

4:24PM CO06.00013 CPA backlighting using 1w and 2w light , STEVEN JAMES, COLIN BROWN, DAVID HOARTY,
AWE Aldermaston — A number of materials modelling and radiation hydrodynamics experiments proposed for high power laser systems have requirements for
high-energy (>20keV), high resolution (~10um), short duration (>100ps) backlighters. One method of producing such a radiation source is the use of CPA
lasers to produce fast-electron induced Ko fluorescence. The work outlined here covers the use of foils and fibres to produce radiographs of test resolution grids.
Ag and Pd targets were illuminated with both 1w and 2w light from the HELEN CPA laser. Image plates were used to record an image of the test grid, which
was used to determine source size and signal to background. An absolutely calibrated transmission crystal spectrograph was used to record the strength of the
Ka line, and the conversion efficiency calculated. A hard X-ray spectrometer was used to measure the electron temperature. Conversion efficiencies of 10~4
were measured for 5um thick foil targets, which produced <10um resolution in one dimension. Slightly lower efficiencies were measured for 10um fibre targets,
~10pum resolution was measured parallel and perpendicular to the laser axis. No measurable effect of pre-pulse on the resolution was measured. The conversion
efficiency with S-pol. 2w laser light was significantly less than with P, as was the hot-electron fraction. P-pol. 2w light produced lower K-alpha conversion
efficiency than P-pol. 1w, but with the advantage of reduced background.

4:36PM C06.00014 Cone surface roughness and angle dependence in high intensity laser-

plasma interactions , NATHALIE LE GALLOUDEC, University of Nevada, Reno, BYOUNG ICK CHO, University of Texas, Austin, EMMANUEL
D'HUMIERES, University of Nevada, Reno, JENS OSTERHOLZ, University of Duesseldorf, Germany, YASUHIKO SENTOKU, University of Nevada, Reno,
TODD DITMIRE, University of Texas, Austin — Cones targets of different surface roughness and angle were irradiated with the Thor laser (0.5J, 40fs, 800nm,
7micron focal spot, 3.1019W/cm2) at UT Austin. Smooth cones show surface structures of the order of 1-5 microns, while rough cones show surface structures
of the order of 15 to 20 microns. A coordinated approach between the precision of laser parameters, available imaging diagnostics and target alignment, as
well as optimizing signals on flat targets of similar material and thickness allowed us to systematically align and shoot these conical targets. Optical emission
images, x-rays spectra, optical spectra of the emitted light from the tip were recorded. Preliminary data seem to suggest that a rough surface finish is more
efficient. As an exploratory approach a few long nose targets were also shot. Experimental data and supporting simulations will be presented.

4:48PM CO06.00015 The Interaction of Low-Intensity Femtosecond Laser Pulses with a Copper

Foil , N.G. KARLYKHANOQV, V.A. LYKOV, RENC-VNIITF — The results of experiments and theoretical research on interaction of femtosecond laser pulses
at a wavelength 800 nm and 400 nm with a copper foil are presented. The Ti: Sapphire laser intensity on foil surface was in the rang of 102-3.10' W/cm?

in these experiments that were carried out at University of Alberta (Canada). The calculations of femtosecond laser pulses interaction with a matter and study
of the foil blow-off are performed with using of the 1D ERA code developed in RFNC-VNIITF. This work was supported by ISTC on Project #2289.

2:00PM - 2:00PM _—
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CP8.00001 RECONNECTION AND NON-NEUTRAL I —

CP8.00002 Boundary conditions in magnetic reconnection!, J. EGEDAL, W. FOX, N. KATZ, A. LE, M. PORKOLAB,
MIT, PSFC — Magnetic reconnection in the collisionless regime is studied on the Versatile Toroidal Facility (VTF) at MIT. The VTF device supports experiments
with two distinct sets of boundary conditions: an “open” configuration for which the field lines intersect the vacuum vessel walls, and a “closed” configuration
for which the magnetic field lines form closed loops inside the device. In the open configuration all electrons follow trapped trajectories. Our experimental and
numerical studies reveal how these trapped electrons control the size of the reconnection region and mediate fast reconnection. This mechanism is found to
be consistent observations by the WIND spacecraft in the deep magnetotail [1,2]. In the new closed configuration a parameter regime of special interest exists
where the reconnection process appears in rapid bursts [3]. The vast differences in the experimental results for the two configurations emphasize the importance
of boundary conditions. It suggests that there may not exist one unified theory for reconnection.

[1] M Oieroset, et al., (2002) Phys. Rev. Lett. 89, 195001.
[2] J Egedal, et al., (2005) Phys. Rev. Lett. 94, 025006.
[3] J Egedal, et al., (2007) Phys. Rev. Lett. 98, 015003.

IWork supported by a DOE Award DE-FG02-06ER54878 and a NSF/DOE Award PHY-0613734.

CP8.00003 Experimental study of fast fluctuations and turbulence during magnetic reconnec-

tion events on the VTF experiment! , w. FOX, M. PORKOLAB, J. EGEDAL, N. KATZ, A. LE, MIT PSFC — We present measurements
of electrostatic fluctuations during reconnection events on the VTF experiment at MIT. Because we have found a regime in VTF where the reconnection is
“bursty” in time [1], it is an ideal experiment for answering the long-standing question of whether current-driven turbulence plays an important role in the
reconnection process. Our measurement system consists of high-bandwidth, impedance-matched Langmuir probes, digitized by a fast oscilloscope. Broadband
fluctuations are observed, extending up to fce (=~ 1.5 GHz, fpe/fce ~ 10), coincident with reconnection events both in time and space. Arrays of probes and
standard cross-correlation analysis provide wavelength measurements. Non-linear phenomena, such as discrete positive potential spikes, traveling at ~2-3 v¢¢ and
with spatial width 1-2 mm (~ 50 — 100 Ap.) are also observed coincident with large reconnection events. Finally, we will discuss various instability mechanisms,
with insight from a recently-installed electron energy analyzer.

[1] J. Egedal, et al. (2007). PRL 98, 015003.

1Support from CMPD (DOE contract DE-FC02-04ER54786), DOE (DE-FG02-06ER54878), and NSF/DOE (PHY-0613734)



CP8.00004 Three-Dimensional Magnetic and Electrostatic Measurements of Spontaneous

Magnetlc Reconnection! , A. LE, J. EGEDAL, W. FOX, N. KATZ, M. PORKOLAB, MIT, PSFC — A new closed magnetic configuration
has recently been implemented in the Versatile Toroidal Facility (VTF) utilizing internal coils to generate a poloidal field with a characteristic X-line geometry.
Although driven uniformly, reconnection often occurs in short, rapid bursts triggered internally in the plasma [1]. To study in detail the onset of fast magnetic
reconnection and the accompanying three- dimensional plasma dynamics, new arrays of magnetic and electrostatic probes have been constructed. These yield
high- resolution profiles of the magnetic field simultaneously at several toroidal locations. Here we present preliminary measurements on the dynamical onset
and evolution of fast reconnection.

[1] J Egedal, et al., (2007) Phys. Rev. Lett. 98, 015003.

IWork supported by a DOE Junior Faculty Award DE-FG02-06ER54878 and a NSF/DOE Award PHY-0613734

CP&8.00005 Experiments on the Propagation of Plasma Blobs! , NOAM KATZ, JAN EGEDAL, WILL FOX, MIKLOS
PORKOLAB, MIT — We investigate the large-scale motion of plasma blobs in the Versatile Toroidal Facility (VTF) using Langmuir probe arrays. Blobs, or
field-aligned filaments, have been used to model plasma fluctuations in the scrape-off layer of tokamaks and other devices [1-3]. These fluctuations, which are
interchange modes driven by magnetic field curvature, display a convective or ‘bursty’ character and can sometimes form large coherent structures. We use
VTF, a well-diagnosed basic plasma physics experiment, to create plasma blobs reproducibly. The experiments are designed to investigate how the average blob
speed scales with various experimental parameters and to probe the internal electrostatic structure of the blobs. We find that charge exchange collisions with
neutrals play a significant role in the non-linear evolution of the plasma structures. [1] Krasheninnikov S, Phys. Lett. A, 283 (2001) 368 [2] Zweben S et al,
Nucl. Fusion, 44 (2004) 134 [3] Garcia O et al, Phys. Plasmas, 12 (2005) 090701

I This work partly funded by DOE Junior Faculty Award DE-FG02-06ER54878 and NSF/DOE Award PHY-0613734. N. Katz partly funded by a Fusion
Energy Sciences Fellowship, administered by ORISE. W. Fox and N. Katz partly funded by CMPD Award DE-FC02-04ER54786

CP8.00006 On the filamentary structure of energetic electrons during reconnection in flares, J r.
DRAKE, UC Berkeley, R. FERMO, M. SWISDAK, UMD, M.A. SHAY, U Delaware — Simulations are presented that demonstrate that magnetic reconnection
in the corona does not occur as a single large-scale x-line. Rather the narrow current layers that form at x-lines form secondary magnetic islands that grow
and merge to produce a turbulent bath of islands. A probability model of island growth is being developed to predict their size spectrum. A consequence of
particle acceleration in any multi-island system is that energetic particles are released in narrow streams with characteristic widths controlled by the width of the
dissipation region (electron skin depth) as the islands reconnect with the external macro-scale field. Thus, energetic electrons do not propagate away from the
reconnection site to the solar surface as a single large-scale front but as a filamentary web. We show that the filaments of energetic particles propagate along
the magnetic field as kinetic Alfven waves with propagation speeds comparable to the thermal velocity of the energetic particles. The return current therefore
does not inhibit the transport of energetic particles. The kinetic Alfven wave should similarly facilitate the transport of energetic electrons to the ionosphere
during substorms in the magnetosphere.

CP8.00007 The Onset of Fast Magnetic Reconnection is Localized , JOHN MEYER, PAUL CASSAK, MICHAEL
SHAY, University of Delaware, JAMES DRAKE, University of Maryland, BRUNO ECKHARDT, Phillips-Universitat Marburg — A subject of ongoing debate
in the literature concerns the dependence of (fast) Hall reconnection on the system size, which is related to the issue of reconnection onset. Does the trigger
occur near the boundary and propagate inward or is reconnection initiated near the X-line and propagate outward? Numerical simulations supporting either
scenario exist. We present new evidence that the trigger is localized near the X-line, suggesting that local physics rather than global dynamics controls Hall
reconnection. This is done by demonstrating the existence of an unstable steady-state magnetic reconnection solution which lies at the boundary of the basins
of attraction of the Sweet-Parker and Hall reconnection solutions. lIts identification required a novel iterative numerical technique. Eigenmodes of the unstable
solution are localized near the X-line, suggesting that the onset of fast reconnection in a weakly collisional plasma initiates at the X-line. We will discuss these
results in the context of other theories of fast magnetic reconnection.

CP8.00008 Two-scale structure of the electron dissipation region during collisionless magnetic

reconnection: PIC simulations and Cluster satellite observations , MICHAEL SHAY, JAMES DRAKE, MARC
SWISDAK, TAI PHAN, JONATHAN EASTWOOD, University of Delaware — Particle in cell (PIC) simulations[1] and Cluster satellite observations of collisionless
magnetic reconnection are presented that demonstrate that the electron dissipation region develops a distinct two-scale structure along the outflow direction.
Consistent with past hybrid and two-fluid simulations, the rate of reconnection remains fast in very large systems, independent of the mass of the electrons.
A surprise is the existence of an outer electron dissipation region downstream of the inner one, which extends up to 40 ion inertial lengths downstream of the
X-line in the largest simulations. This outer region consists of a super-Alfvenic jet of electrons which are decoupled from the magnetic field. The existence of
this outer dissipation region is confirmed by Cluster satellite observations during a current sheet crossing in the flanks of the dayside magnetopause about 30
ion inertial lengths downstream of an x-line.

[1] Shay, M. A., J. F. Drake, and M. Swisdak, “Two-scale structure of the electron dissipation region during collisionless magnetic reconnection,” Submitted to
Physical Review Letters, arXiv:0704.0818v1 [physics.plasm-ph]

CP8.00009 Asymmetric Magnetic Reconnection: General Theory and Collisional Simulations,
PAUL CASSAK, MICHAEL SHAY, University of Delaware — Theories of magnetic reconnection usually assume that the plasmas on either side of the dissipation
region have identical densities and magnetic field strengths. However, this canonical description is rarely realized in nature. There has been wide interest in the
shock structure of fast reconnection, particularly at the dayside magnetopause, but a general theory of the structure of the dissipation region and the rate of
reconnection during asymmetric reconnection has not been addressed. We derive analytical expressions from first principles using a Sweet-Parker type scaling
analysis. Most of the scaling results are independent of the dissipation mechanism and, therefore, apply to asymmetric reconnection in general. Furthermore,
we show that a generic feature of asymmetric reconnection is that the X-line and stagnation point are not colocated. This implies that there is a bulk flow of
plasma across the X-line, as has been seen in many numerical studies and observations at the dayside. The theory is verified using two dimensional collisional
magnetohydrodynamic simulations. Applications to the magnetosphere are discussed.



CP8.00010 Diamagnetic effects in driven magnetic reconnection! , JULIO MARTINELL, ICN, UNAM, Mexico,
JESUS RAMOS, PSFC, MIT — We use the two-fluid equations recently derived in [1] to study magnetic reconnection about a neutral X-point in a weakly
collisional plasma, driven by external bulk flow. The equations include finite Larmor radius effects and are valid for arbitray density and temperature gradients
thus accounting for complete diamagnetic effects. They also allow for strong temperature anisotropies and arbitrarily large fluctuation amplitudes, which make
them appropriate for nonlinear studies. The resulting reduced model, in which the fast magnetosonic wave is suppresed, consists of seven fields: density n, four
pressures p. ||, P, Magnetic potential 1 and electric potential ®. The evolution of the system is followed using a numerical code producing a forcing from the
edge of the integration domain that starts from zero during a finite time (Taylor problem). We proceed by adding different effects gradually in order to asses
the role of each one and comparing with a standard reduced model [2] without the electron inertia. The first and simplest case is for an isotropic plasma with
constant temperature. Then we include finite temperature gradients and finally the effect of anisotropic pressures for both ions and electrons. [1] J.J. Ramos,
Phys. Plasmas 14, 052506 (2007) [2] T.J. Schep, et al., Phys. Plasmas 1, 2843 (1994)

ISupported by grants CONACyT-44324 and DGAPA IN115205

CP8.00011 A first-principles analytical theory for 2D magnetic reconnection in electron and

Hall MHD. , A. ZOCCO, A.N. SIMAKOV, L. CHACON, LANL — While the relevance of two-fluid effects in fast magnetic reconnection is weII-known
a first-principles theory —akin to Sweet and Parker's in resistive MHD— has been elusive. Here, we present such a first principles steady-state theory for electron
MHD/‘| and its extension to HaIIEI The theory discretizes the extended MHD equations at the reconnection site, leading to a set of time-dependent ODEs.
Their steady-state analysis provides predictions for the scaling of relevant quantities with the dissipation coefficients (e.g, resistivity and hyper-resistivity) and
other relevant parameters. In particular, we will show that EMHD admits both elongated and open-X point configurations of the reconnection region, and that
the reconnection rate E. can be shown not to scale explicitly with the dissipation parameters. This analytic result confirms earlier computational work on the
possibility of fast (dissipation-independent) magnetic reconnection in EMHD. We have extended the EMHD results to Hall MHD, and have found a general
scaling law for the reconnection rate (and associated length scales) that bridges the gap between resistive and EMHD.

1J. Birn et al., J. Geophys. Res., 106 (A3), pp. 3715-3719 (2001)
2L. Chacén, A. N. Simakov, A. Zocco, Phys. Rev. Lett., submitted
3A. N. Simakov, L. Chacén, in preparation

CP&8.00012 Energetic electrons and magnetic islands during reconnection'® , L-J. CHEN, N. BESSHO,
University of New Hampshire, W. DAUGHTON, LANL, A. BHATTACHARJEE, UNH — Magnetic reconnection is widely thought to be a mechanism for
electron acceleration, but exactly where and how the acceleration occurs remains an open question. Here we report case studies of magnetotail reconnection
where energetic electrons and signatures of magnetic islands are observed. We found that each clearly identifiable magnetic island has a corresponding burst
of energetic electrons, but strong energetic electron bursts can appear without the association with well-defined single islands. Energetic electrons are also
observed at the electron current sheet, but with a much lower energy and flux that is one order of magnitude lower than those within islands. The fluxes of
energetic electrons peak at sites of compressed density within magnetic islands, a feature not explained by existing theories. Strong core magnetic fields are
observed within islands even for cases when the background guide field is less than 1% of the asymptotic field. The existence of strong core fields indicate that
energetic electrons are either being actively produced within or introduced into the islands. because otherwise the electrons will be guided away within < 1
second. The strong density sub-structures within islands suggest that the islands may have gone through coalescence. The observation will be compared with
PIC simulations of reconnection to better understand acceleration mechanisms.

1We acknowledge the entire Cluster team for contributing to the data used in this study.

CP8.00013 PIC simulations of core magnetic field generation in magnetic islands by recon-

nection ., N. BESSHO, L.-J. CHEN, A. BHATTACHARJEE, Center for Integrated Computation and Analysis of Reconnection and Turbulence (CICART),
University of New Hampshire — We will present results of particle-in-cell (PIC) simulations where core field generation in magnetic islands by magnetic re-
connection is studied. Cluster observations reveal that multiple magnetic islands are generated by reconnection in Earth’s magnetotail, and some islands have
strong core fields accompanied by peaks of electron density and energetic electron flux. Using a 2D PIC simulation code, we study magnetic reconnection with
multiple X-lines and magnetic islands. We will show that each X-line has a quadrupolar magnetic field due to magnetic reconnection, and at the same time,
strong core fields are generated in magnetic islands even when the initial guide field is very small (< 0.01Bg, where By is the asymptotic magnetic field). Some
simulation results show that the peak of the core field is located at the center of each island in an early stage of the evolution of islands. As the islands evolve,
the structure changes and each island has multiple peaks of core fields in a later stage. We will also study energy spectra of electrons in those islands. This
research is supported by NSF, NASA, and DOE.

CP&8.00014 Collisionless Magnetic Reconnection in Large-Scale Electron-Positron Plasmas, w.
DAUGHTON, H. KARIMABADI, L. YIN, B.J. ALBRIGHT, K. BOWERS, Los Alamos National Laboratory — One of the most fundamental questions in
reconnection physics is how the dynamical evolution will scale to macroscopic systems of physical relevance. This issue was recently examined for electron-
positron plasmas using 2D kinetic simulations with both open and periodic boundary conditionﬂ The initial phase is distinguished by the coalescence of
tearing islands to larger scale while the later phase is marked by the expansion of diffusion regions into elongated current layers that are intrinsically unstable to
plasmoid generation. It appears that the repeated formation and ejection of plasmoids plays a key role in controlling the average structure of a diffusion region
and preventing the further elongation of the layer. Although the specific details of this evolution are affected by the boundary and initial conditions, the time
averaged reconnection rate remains fast and is remarkably insensitive to the system size for sufficiently large systems. In this work, the influence of a guide
field and current aligned instabilities are examined in 3D simulations. The mechanism of repeated plasmoid formation identified in 2D is also observed in these
large-scale 3D simulations. This dynamic scenario offers an alternative explanation for fast reconnection in large-scale systems.

1Daughton and Karimabadi, Phys. Plasmas 14, 072303, 2007

CP8.00015 Kinetic Theory and Simulation of Collisionless Tearing in Bifurcated Current

Sheets , TATSUKI MATSUI, University of lowa, WILLIAM DAUGHTON, Los Alamos National Laboratory, VADIM ROYTERSHTEYN, University of
lowa — Bifurcated current sheets have been observed in the Earth's magnetotail and also within kinetic simulations. The development of a bifurcated current
layer may be the direct result of magnetic reconnection or may be due to the nonlinear evolution of the lower-hybrid drift instability. Although the equilibrium
theory of these structures has been considered by a number of researchers, the linear stability has not been rigorously treated. In this work, a Vlasov equilibrium
is constructed that permits both the current bifurcation and temperature anisotropy to be independently adjusted. The linear theory for colllisionless tearing
is performed using standard techniques and compared against a formally exact numerical treatment. The resulting dispersion relation and mode structure are
verified with fully kinetic particle-in-cell simulations. While temperature anisotropy 7', > T is always strongly destabilizing, the bifurcated current profile enters
as a stabilizing influence on the tearing mode. A simplified analytic theory is reasonably accurate for long wavelength modes, but the short wavelength regime
requires the full numerical treatment to accurately compute the growth rate.



CP8.00016 The Influence of Sheared Parallel Flows on Collisionless Magnetic Reconnection
, V. ROYTERSHTEYN, The University of lowa, W. DAUGHTON, Los Alamos National Laboratory — The first results of an ongoing study of the influence
of sheared parallel flows on collisionless magnetic reconnection are presented. In particular, we focus on the linear stability of a newly developed exact kinetic
equilibrium which incorporates sheared parallel flows into the well-known Harris current sheet configuration. Using a variety of tools including analytical theory,
numerical solution of the complete linearized Vlasov-Maxwell system, and fully kinetic 2D PIC simulations, we demonstrate that the stability properties of a thin
current sheet in the presence of significant (of the order of ion thermal speed) flows differ significantly from those predicted by MHD analysis. Large flow shear is
typically found to have a stabilizing influence on the reconnecting mode, while the shear-driven instability, which has been proposed as the mechanism responsible
for the onset of reconnection, is either completely stable, or has growth rate that is dramatically lower than that predicted by MHD analysis. Preliminary results
from nonlinear PIC simulations indicate that the onset of fast reconnection proceeds in a manner that is similar to that in the absence of the flow. None of the
simulations exhibit highly wrapped vortices typically produced by MHD simulations of similar configurations.

CP&8.00017 Forced Magnetic Reconnection with Open Boundary Conditions, WEIGANG WAN, GIOVANNI
LAPENTA!, Los Alamos National Laboratory — We present kinetic simulations of collisionless forced magnetic reconnection driven by different models of
magnetic flux inflows, with open boundary conditions applied in the outflow directions. We use the implicit Particle-in-Cell code CELESTE3D [1], which retains
kinetic effects for both electrons and ions. Different from results of fluid simulations, the reconnection rate is intermittent rather than steady even when the
driving inflow is constant. Similar to the pervious discoveries by W. Daughton et al. [2], we find secondary islands grow as the electron diffusion region is
elongated over time. For the well-studied Newton Challenge reconnection problem, compared to results with periodic boundary conditions, here we find that
with the open boundaries, at the same driving amplitude, fast reconnection starts earlier and reaches a bigger maximum reconnection rate. We will study the
dependence of the maximum reconnection rate on the driving amplitude and other factors. References: [1] G. Lapenta, J. U. Brackbill, and P. Ricci, Phys.
Plasmas 13, 055904 (2006) [2] W. Daughton, J. Scudder and H. Karimabadi, Phys. Plasmas 13, 072101 (2006)

Talso at Centrum voor Plasma-Astrofysica,Departement Wiskunde, Katholieke Universiteit Leuven,Celestijnenlaan 200B, 3001 Leuven, Belgium

CP8.00018 Micro-macro coupling in 3D reconnection , GIOVANNI LAPENTA, LANL & KU-Leuven, WEIGANG WAN,
LANL — 3D reconnection is a process that differs in many ways from the much-studied 2D reconnection. We focus here primarily on two issues that are distinctly
3D: topology and micro-macro coupling. Topology in 3D reconnection can take much more complex forms from the conventional 2D x-point configuration,
including the 2D-like reconnection in presence of x-lines but also uniquely 3D concepts such as null point reconnection. We will demonstrate instances of both
types of configurations in 3D kinetic simulations. Micro-marco coupling in 3D reconnection is much richer than in 2D because of the presence of many more
modes and instabilities propagating in directions outside the reconnection plane. The nature of the instabilities present depends crucially on the type of equilibria
considered and especially by the presence of so-called guide fields. We consider here the spectrum of small scale modes present in a initially Harris equilibrium
with different guide fields. We focus on identifying the nature of the microinstabilities and their interaction with large scale topological changes.

CP8.00019 Micro-reconnection at the c¢/w,. Scale Length*, k. TUMMEL, B. COPPI, MIT — A phase space (non-fluid)
approach is needed to describe modes that perturb the magnetic field in a sheared field geometry, lead to the formation of strings of magnetic islands, and
have transverse scale distances that are of the order of ¢/wpe. The driving factor is the transverse electron temperature gradient. The plasma density gradient
has a strong influence and is shown to reduce the mode frequency considerably relative to its upper bound k, c|dT./dr|/(eB). The mode characteristics are
intrinsically different from the commonly known electrostatic ETG modes, that do not produce magnetic islands and have shorter wavelengths. The effect of the

present modes is to decrease the anisotropy of the electron thermal conductivities by increasing the ratio of DihE/Dﬁ’é relative to its very small classical value. In

particular D' is estimated as ap(c/wpe)c|dTe/dr|/(eB) where ap is a finite numerical coefficient. The theory of mesoscopic reconnecting modes (so-called
drift-tearing) that can produce macroscopic magnetic islands depends heavily'| on the finiteness of Dihe/DﬁZ besides that of electrical resistivity. Therefore it

has been assumed that these mesoscopic modes develop! from a background of micro-reconnecting modes of the kind we have described. *Sponsored in part
by the US D.O.E.

IB. Coppi in “Collective Processes in Macroscopic Systems” Eds. G. Bertin et al., Publ. World Scientific (2007) and MIT-LNS Report 06/11 (2006).

CP8.00020 Roles of Magnetic Reconnection and Developments of Modern Theory™* , B. coppi,
MIT — The role of reconnection was recognized in Solar and Space Physics and auroral substorms were suggested to originate in the night-side of the Earth's
magnetosphere as a result collisionless reconnectiorElweII before the kind of modern theory employed for this became applied to laboratory plasmas. Experiments
have reached low collisionality regimes where, like in space plasmas, the features of the electron distribution and in particular of the electron temperature gradient
become important and the factors contributing to the electron thermal energy balance equation (transverse thermal and longitudinal diffusivities, or electron
Landau dampindzl play a key role. For this an asymptotic theory of modes producing macroscopic islands has been developed involving 3 regions, the innermost
one related to finite resistivity and the intermediate one to the finite ratio of the to thermal conductivitiesEl‘l. A background of excited micro-reconnecting
modes, driven by the electron temperature gradient, is considered to make this ratio significan{®*| *Supported in part by the US D.O.E.

IB. Coppi, Nature 205, 998 (1965).

2B. Coppi, J.W.-K. Mark, L. Sugiyama, G. Bertin, Phys. Rev. Letters 42, 1058 (1978) and J. Drake, et al., Phys. Fluids 26, 2509 (1983).
3B. Coppi, C. Crabtree, and V. Roytershteyn contribution to Paper TH/R2—19, I.A.E.A. Conference 2006.

4B. Coppi, in “Collective Phenomena in Macroscopic Systems” Eds. G. Bertin et al. (World Scientific, 2007) MIT-LNS Report 06/11(2006).

CP&8.00021 Overview of recent results from the Columbia Non-neutral Torus and future plans?
, THOMAS SUNN PEDERSEN, Columbia University, JJW. BERKERY, A.H. BOOZER, Q.R. MARKSTEINER, M.S. HAHN, P.W. BRENNER, B. DURAND
DE GEVIGNEY, J.P. KREMER, R.G. LEFRANCOIS, H. HIMURA, Kyoto Inst. of Tech., Kyoto, Japan — The Columbia Non-neutral Torus (CNT) is a compact,
two-period stellarator created from four circular coils, dedicated to the study of non-neutral and electron-positron plasmas on magnetic surfaces. First results
include the confirmation that pure electron plasmas can be confined stably in a stellarator, with confinement times of up to 20 msec. Transport is driven
by the perturbing presence of internal rods, as well as by electron-neutral collisions. CNT has started operating with a retractable emitter allowing operation
without internal rods, eliminating this source of transport. Reducing the neutral driven transport by reducing the neutral pressure to less than 2 x 10~1° Torr,
a confinement time exceeding 1 second is predicted. Despite the long confinement times, the collisional transport rate is much higher than expected from
neoclassical predictions. In fact, confinement times are on the order of the electron-neutral collision time, possibly caused by bad orbits despite the large radial
electric field. This poster will give an overview of recent CNT results and future plans.

ISupported by NSF-DOE, NSF-PHY-04-49813 and NSF-PHY-06-13662



CP8.00022 Confinement of pure electron plasmas in the Columbia Non-neutral Torus , JoHN
BERKERY, THOMAS PEDERSEN, ALLEN BOOZER, PAUL BRENNER, QUINN MARKSTEINER, MICHAEL HAHN, JASON KREMER, Columbia University
— One goal of the Columbia Non-neutral Torus (CNT) research program is to investigate the possibility of enhanced confinement in stellarators due to high
electric fields. Non-neutral plasmas with high electric fields are predicted to have long confinement times. Measured confinement times have fallen somewhat
short of these predictions, however. There are several factors influencing the transport in these plasmas, including the presence of insulated rods, the neutral
pressure, the ion fraction (through ion-driven instabilities), the match of equipotential and magnetic surfaces, and possibly prompt losses due to bad orbits. Each
of these factors has been or is presently being investigated in CNT. Results are presented from the theoretical scaling of the neoclassical confinement time, and
the measured confinement time's dependence on the presence of rods and on the neutral pressure. Comparisons are made between the predicted and measured
values and possible explanations for the discrepancy are offered. Calculations and measurements of the ion fraction in these plasmas are also presented.

CP8.00023 Observations of an Ion Driven Instability in Non-neutral Plasmas Confined on

Magnetlc Surfaces. , Q. MARKSTEINER, T. PEDERSEN, J. BERKERY, J. MENDEZ, M. HAHN, P. ENNEVER, Columbia University, H.
HIMURA, Kyoto Institute of Technology — The Columbia Non-neutral Torus (CNT) is a stellarator designed to confine non-neutral plasmas, including non-
neutral ion-electron plasmas. When the ion density exceeds approximately 10% of the electron density in CNT, an instability is observed. The instability has a
poloidal mode number of m = 1, despite the fact that CNT does not contain an m = 1 rational surface. The measured frequency of the instability decreases
with increasing magnetic field strength, and increases with increasing radial electric field, suggesting that the instability is linked to the ExB flow of the plasma.
The frequency does not, however, scale exactly as E/B, and it depends on the ion species that is introduced. These observations, along with the measured m
= 1 poloidal mode number imply that the instability involves an interaction between ions, and electrons that are mirror trapped and therefore do not circulate
toroidally. Results from a numerical code which follows the complex (and sometimes chaotic) motion of an ion in CNT are also presented.

CP8.00024 Pure Electron Equilibrium and Transport Jumps in the Columbia Nonneutral

Torus , M. HAHN, T. SUNN PEDERSEN, Q.R. MARKSTEINER, JW. BERKERY, Columbia University — The Columbia Non-neutral Torus (CNT) is
a simple stellarator, which is being used to study electron rich plasmas. At very low neutral pressures the plasmas are pure electron plasmas. The equilibrium
depends on electrostatic and transport effects. The dependence of the equilibrium on the characteristics of the electron source have been studied. The plasma
may be created by a single negatively biased filament either on or off the magnetic axis, or by multiple filaments. The toroidal location of the emitter has also
been varied. Because of the large toroidal variations of the magnetic field strength in CNT the toroidal location affects the ratio of passing versus trapped
particles, which affects transport. For an emitting filament within the plasma the loss rate of electrons from the plasma is the same as the emission current.
As parameters that increase transport are varied abrupt jumps in emission current occur. These jumps imply discontinuous changes in the confinement time.
The jumps occur at specific values of the emission current, i.e. at specific transport rates. Other parameters that affect transport, such as neutral pressure
and magnetic field strength, only affect the jumps to the extent that they affect transport. The jumps show hysteretic behavior indicative of regions in the
current-voltage characteristic of the plasma-diode system with negative differential resistance.

CP8.00025 Installation and Operation of a Conducting Boundary in the Columbia Non-Neutral

Torus , P.w. BRENNER, T. SUNN PEDERSEN, J.W. BERKERY, R.G. LEFRANCOIS, M.S. HAHN, Q.R. MARKSTEINER, Columbia University — The
Columbia Non-Neutral Torus (CNT) is a compact stellarator, which is currently being used to study non-neutral plasmas confined on magnetic surfaces.
Previously, confinement times up to 20 ms have been measured, limited in part by enhanced transport caused by potential variation along magnetic surfaces.
Conducting meshes that conform to the last closed magnetic surface were recently installed in CNT. These meshes create an equipotential boundary at the
last closed surface, improving the match between equipotential and magnetic surfaces as well as offering new non-intrusive methods to diagnose the plasma.
The conducting mesh boundary is composed of 13 individual sectors that can act as probes. These probes can measure the decay of an induced image charge,
plasma oscillations, or actively drive oscillations to diagnose the plasma properties. A description of the apparatus and the results of initial experiments are
presented. A limiter probe surrounding the majority of a cross section has also been inserted to directly measure confinement by the decay of electron flux.
Experiments have been completed demonstrating that electron flux to a point probe at the last closed flux surface accounts for less than 10 percent of all the
electrons leaving the magnetic surfaces. These results and their implications for a limiter probe diagnostic will be discussed.

CP8.00026 Numerical Studies of Transport in the Columbia Non-Neutral Torus , BENOIT DURAND
DE GEVIGNEY, THOMAS SUNN PEDERSEN, ALLEN H. BOOZER, Columbia University — The confinement of pure electron plasmas in the Columbia
Non-neutral Torus (CNT) stellarator is limited by the presence of internal probes and electron-neutral collisions. The probes can be removed, so the transport of
fundamental interest is the neoclassical transport associated with the electron-neutral collisions. This transport depends on the distance the electron trajectories
deviate from the magnetic surfaces. The magnetic fields in CNT have not been optimized to minimize the deviation of trajectories from the surfaces. The
reason is the electric potential is very large compared to the temperature, and the E x B drift dominates the magnetic drifts. In particular, the variation in
the electric potential across the magnetic surfaces greatly reduces the radial drift of the electrons. However, unlike the situation in a quasi-neutral plasma, the
electric potential also varies within the surfaces, which adds to the complexity of the trajectories and can increase the radial drifts. We have written a code using
magnetic coordinates to integrate the electron drift trajectories in the electric and magnetic fields expected in CNT equilibria. A Monte-Carlo code including
both electron-electron collisions and electron-neutral collisions will be used to determine if the plasma transport in CNT is neoclassical, how it depends on the
electron density and how it is affected by the potential not being a function of flux only.

CP8.00027 Confinement Time Exceeding One Second in a Toroidal Electron Plasma , MR
STONEKING, J.P. MARLER, BAO HA, J.C. SMONIEWSKI, Lawrence University — Pure electron plasmas (n = 2 x 107 em~3, a = 1.27 cm, R, =174
cm) are confined for times exceeding one second in a new toroidal device, the Lawrence Non-neutral Torus Il. The plasma is trapped in a 270° toroidal arc by
application of gate potentials to sections of a sectored gold-plated toroidal boundary (b = 3.81 cm, Ry = 18 cm). At base vacuum pressures below 108 torr
and magpnetic field strengths approaching 700 gauss, the m = 1 diocotron mode is excited by applying several cycles of rf near the resonant frequency to a
section of the wall. The m = 1 frequency, which is approximately proportional to the trapped charge, decays on a three second timescale, a confinement time
that exceeds by at least an order of magnitude the confinement observed in all other toroidal traps for non-neutral plasmas. Numerical simulations that include
toroidal effects are employed to accurately extract plasma charge and m = 1 mode amplitude from the experimental data. Future work will include attempts
to withdraw the electron source in order to study confinement in a full torus. This work is supported DOE-NSF Grant 0317412.



CP8.00028 Magnetic Field Dependence of the Diffusion Coefficient in Asymmetry-Induced

Transportl , D.L. EGGLESTON, J.M. WILLIAMS, Occidental College — The dependence of the asymmetry-induced radial particle flux I" on axial
magnetic field B is complicated by the fact that the field enters the physics in at least two places: in the asymmetry-induced first order radial drift velocity
vy = Eg/B and in the zeroth order azimuthal drift velocity v9 = E;./B. To separate these, we assume the latter always enters the physics in the combination
w — lwr where wgr(r) = vg/r is the column rotation frequency and w and [ are the asymmetry frequency and azimuthal mode number, respectively. We
then select from a I vs r vs w data set those points where w — lwgr = 0, thus insuring that any function of this combination is constant. When the selected
flux is plotted versus the density gradient Vn, a roughly linear dependence is observed, showing that our assumption is valid and that we have isolated the
diffusive contribution to the transport. The slope of a least-squares fitted line then gives the diffusion coefficient D. Varying the magnetic field, we find
D o B—1:33%0.12 This does not match the scaling predicted by resonant particle transport theor

ISupported by DOE grant DE-FG02-06ER54882 and Occidental College
2D.L. Eggleston and T.M. O’Neil, Phys. Plasmas 6, 2699 (1999).

CP&8.00029 Limits of Particle-beam Extraction from Single-Component Plasmas! , T.R. WEBER, J.R.
DANIELSON, C.M. SURKO, University of California, San Diego — Recently, a non-destructive technique was developed to create finely focused beams of
electrons (or positrons) from single-component plasmas confined in a Penning-Malmberg tra[El This technique exploits the fact that the plasma potential is
largest near the plasma center; thus, when the confining potential at one end is carefully lowered, a beam is formed that is composed only of particles escaping
from the region near r = 0. Here, we investigate the limits of this technique. A simple model for beam extraction is described that predicts a Gaussian beam
profile when the number of extracted particles is small. This expression gives a minimum beam diameter of four Debye lengths (full width to 1/e) and is verified
using electron plasmas over a broad range of plasma temperatures (0.05 < 7' < 2 eV) and densities (0.06 < n < 2x10'°). Numerical calculations are used
to predict the profiles of beams with large numbers of extracted particles, and they are in fair agreement with the measurements. The extraction of over 50%
of a trapped plasma in a train of nearly identical beams is demonstrated. Applications to create state-of-the-art positron beams, including the possibility of
extracting the beam from the magnetic field to form an electrostatic beam, are also discussed.

I This work supported by NSF, grants PHY 03-54653 and PHY 07-13958.
2J. R. Danielson et al., Appl. Phys. Lett. 90, 081503 (2007).

CP8.00030 Attracting Fixed Points for Radially Compressed Single-Component Plasmas!, JRr.
DANIELSON, C.M. SURKO, M.W. ANDERSON, T.M. O’NEIL, University of California, San Diego — Rotating electric fields are used to compress electron
plasmas confined in a Penning-Malmberg trap using the so-called rotating wall (RW) techniqu Over a broad range in RW frequency, plasmas can be
compressed until the E x B rotation frequency, wg (with wg o n, the plasma density), approaches the applied frequency, wrw. Bifurcation and hysteresis are
observed between low-density and high-density steady states as a function of the applied RW electric field amplitude and frequency. Here, models of the drive
and drag torques are used to describe the stable, attracting fixed points of the system. Key ingredients are a drag torque due to a plasma-mode resonance, driven
by static trap asymmetries, and a RW drive torque that passes rapidly through zero as wg approaches wrw. A number of tests of the model are described,
including perturbation experiments to confirm the nature of the RW torque and to measure its magnitude near the high-density fixed point. Open questions for
future research, including a possible thermodynamic model to describe the plasma dynamics, are discussed.

1This work supported by NSF, grants PHY 03-54653 and PHY 07-13958.
2J. R. Danielson and C. M. Surko, Phys. Rev. Lett. 95, 035001 (2005); and Phys. Plasmas 13, 055706 (2006).

CP8.00031 A Multicell Trap for Positron Storage!, c.M. SURKO, J.R. DANIELSON, T.R. WEBER, University of California,
San Diego — We describe several techniques necessary for the practical implementation of a multicell Penning-Malmberg trarEHEl designed to increase positron
storage by orders of magnitude (e.g., to particle numbers N > 10'2). Experiments are done using test electron plasmas. A technique is described to move
plasmas across the confining magnetic field and dump them at specific radial and azimuthal locations. Techniques are deomonstrated to fill and operate two
in-line plasma cells simultaneously and to use 1 kV confinement potentials to trap 3x10'0 particles. These experiments establish the capability to create,
confine, and manipulate plasmas with the parameters required for a multicell trap, namely N > 1019 in a single cell with temperatures < 0.2 eV, plasma lengths
~ 10 cm, and radii ~ 0.2 cm. The design of a new structure to test the confinement of plasmas in off-axis cells is presented, as well as an improved design
for a multicell positron trap for 1012 particles. Potential applications, including prospects for a portable positron trap (i.e., to replace conventional isotope and
accelerator-based sources) will also be discussed.

I This work supported by DARPA grant HR0011-05-1-0041, and NSF grants PHY 03-54653 and PHY 07-13958.
2J. R. Danielson et al., Phys. Plasmas 13, 123502 (2007).
3C. M. Surko et al., Rad. Phys. Chem. 68, 419 (2003).

CP8.00032 SPHEROMAKS AND MCX —

CP8.00033 SSPX Achievements and Future Directions for Spheromak Research , H.S. MCLEAN,
R.D. WOOD, D.N. HILL, E.B. HOOPER, B. HUDSON, R.J. JAYAKUMAR, L.L. LODESTRO, J.M. MOLLER, C.A. ROMERO-TALAMAS, T.A. CASPER,
B.l. COHEN, T.K. FOWLER, L.D. PEARLSTEIN, D.D. RYUTOV, J.C. ORTIZ, J.H.T. CLEMENTSON, Lawrence Livermore National Laboratory, J. KING,
E.C. MORSE, UC Berkeley, E.D. MEZONLIN, J.A. JOHNSON IIl, Florida A&M Univ., C.R. SOVINEC, UW-Madison — The Sustained Spheromak Physics
Experiment (SSPX) has achieved significant results including peak electron temperature T > 500eV, magnetic field B > 1T, plasma current I, ~1MA, and
core electron thermal diffusivity xe < 10 m?/sec. Several new operating regimes have demonstrated more efficient building and sustaining of self-organized
spheromak magnetic fields. A vigorous collaborative campaign to develop new capabilities for the NIMROD 3D resistive MHD code and benchmark against
SSPX data has improved physics understanding and predictive capability. Recent results indicate neutral beam injection is an important next step for evaluating
energy confinement and exploring NBI current drive as a means of dynamo-free sustainment. Goals identified for next-generation spheromaks include longer
pulses, higher flux amplification through variable bias flux operation, and thinner walls with active feedback control of external tilt/shift modes. Work performed
under the auspices of the US DOE by UC-LLNL under contract W-7405-ENG-48.



CP8.00034 Magnetic Field Build-up in SSPX!  rR.D. WoOD, B.I. COHEN, D.N. HILL, E.B. HOOPER, L.L. LODESTRO,

H.S. MCLEAN, J.M. MOLLER, C.A. ROMERO-TALAMAS, Lawrence Livermore National Laboratory — Magnetic field build up experiments in SSPX using the
modular capacitor bank have produced discharges (extended formation) with the highest edge poloidal fields and multi-pulse discharges that continue to build
magnetic field in a stepwise manner. The ratio of By /lgun for the multi-pulse discharges (~0.9T /MA) exceeds the value of By, /l3un=0.65T /MA obtained with
a standard discharge (fast formation followed by sustainment discharge). As suggested by simulations, the higher ratio with the new injected current waveforms
may reflect the longer total formation pulse duration (building to higher field due to the longer current pulse) than previous discharges. Recent results from
multi-pulse and extended formation experiments and near mega-ampere injected current discharges will be presented.

IWork performed under the auspices of the US DOE by University of California Lawrence Livermore National Laboratory under contract W7405ENG48.

CP8.00035 Electron Temperature Measurements and Energy Transport in SSPX , B.F. HUDSON,
T.A. CASPER, E.B. HOOPER, R.J. JAYAKUMAR, L.L. LODESTRO, H.S. MCLEAN, J.M. MOLLER, C.A. ROMERO-TALAMAS, R.D. WOOD, Lawrence
Livermore National Laboratory — Time-resolved measurements (<100 ps) have been made with a multi-pulse Thomson scattering diagnostic in the SSPX
spheromak experiment, to obtain radial electron density and temperature profile during plasma formation and sustainment. In most discharges three regimes are
observed with respect to T and n. evolution. Initially there is a cold (<100 eV) formation phase, followed by a hollow T, profile with maximum temperatures
100-200 eV, and a final heat-up and cool-down phase where we obtain the highest plasma temperatures (350+ eV). The transition from hollow to peaked T,
is quite sharp (~50 us) and the recent upgrade to double-pulse Thomson scattering (~40 us between pulses) facilitates capturing this transition. We also
present simulations using the CORSICA code where the equilibrium is kept fixed and the discharge is evolved to observe the change in temperature profiles
for different transport coefficients. In addition, electron transport and heating will be correlated with measured MHD mode activity. Temperature and density
measurements during multi-pulse coaxial gun-current operation will also be presented. * Work performed under the auspices of the US DOE by University of
California Lawrence Livermore National Laboratory under contract W—-7405-ENG-48.

CP&8.00036 Predictive capability for whole-device spheromak MHD physics! , E.B. HOOPER, B.I. COHEN,
LLNL, SSPX TEAM — Resistive, single-fluid (NIMROD) MHD simulations reproduce many SSPX results and contribute to our understanding of spheromak
physics. Simulation is benchmarked to experiment including sensitivity to simulation parameters: viscosity, maximum toroidal mode number, finite-element
number, density, and particle diffusivity. Quantities comparing well with experiment include gun voltage, thresholds for spheromak formation and sustainment,
and magnetic field strength and time evolution. MHD mode amplitudes and g-profiles are moderately sensitive. Precise time histories, e.g., the rate of
reconnection events, are more sensitive but have little effect on average quantities, e.g. magnetic field strength. Experimental Te is 20-50% higher than
simulations — flux surface quality is very sensitive to small changes in mode activity. The results provide confidence in simulations of upgrades or advanced
spheromak experiments. Refs.: C.R. Sovinec, et al., Phys. Rev. Lett. 94, 035003 (2005); B.l. Cohen, et al., Phys. Plas. 12, 056106 (2005); E.B. Hooper et
al., Phys Plas. 12, 092503 (2005); E.B. Hooper, et al., Nucl. Fusion (in press).

IWork supported by U.S. DOE under Contract No. W-7405-ENG-48 at UC LLNL.

CP8.00037 Linear MHD Stability Analysis of the SSPX Spheromak! K R. JAYAKUMAR, B.I. COHEN, E.B.
HOOPER, L.L. LODESTRO, H.S. MCLEAN, L.D. PEARLSTEIN, R. WOOD, Lawrence Livermore National Lab, Livermore, CA, A.D. TURNBULL, General
Atomics, San Diego, CA, C. SOVINEC, University of Wisconsin, Madison, WI — Good correlation between the toroidal mode numbers of measured magnetic
fluctuations in high temperature SSPX plasmas and presence of low-order rational surfaces in the reconstructed q profiles, suggests that the quality of magnetic
surfaces in SSPX is sufficiently good for applying standard linear MHD stability analyses. Previously we have reported on benchmarking the code NIMROD
against GATO, with good agreement in growth rates for ideal-MHD internal kinks and an external kinks with no current on open field lines (for equilibria
imported from the code Corsica). Recent stability analyses also show that presence of low order rational surfaces causes internal modes to become unstable.
We will report on the progress in applying these tools for assessing beta limits in SSPX, using NIMROD analyses including current on open field lines and for
comparison with experiments.

IWork performed at UC Lawrence Livermore National Laboratory under the auspices of US Department of Energy Contract No. W-7405-ENG-48.

CP8.00038 Neutral Beam Current Drive in Spheromak plasma and plasma stability , L.D. PEARL-
STEIN, R.J. JAYAKUMAR, B. HUDSON, D.N. HILL, L.L. LODESTRO, H.S. MCLEAN, T.K. FOWLER, T.A. CASPER, SSPX TEAM — A key question for the
Sustained Spheromak Physics Experiment (SSPX) is understanding how spheromaks can be sustained by other current drive tools such as neutral beam current
drive. Another question is whether the present relationship between current and maximum spheromak magnetic field (plasma beta) is related to Alcator-like
ohmic confinement limit or is a stability limit. Using the code CORSICA, the fraction of neutral beam current drive that can be achieved has been calculated for
different injection angles with a fixed equilibrium. It is seen that relaxing the equilibrium with this drive simply drives the core safety factor to low values. Other
equilibria where the NBI may give aligned current drive are being explored. Free-boundary equilibria calculations are underway to see what hyper-resistivity model
gives the observed sustained SSPX performance and include that in the NBI calculations. Work performed under the auspices of the US DOE by University of
California Lawrence Livermore National Laboratory under contract W-7405-ENG-48.

CP&8.00039 Flux amplification in SSPX! , LYNDA LODESTRO, E.B. HOOPER, R.J. JAYAKUMAR, L.D. PEARLSTEIN, R.D.
WOOD, H.S. MCLEAN, LLNL, SSPX TEAM — Flux amplification—the ratio of poloidal flux enclosed between the magnetic and geometric axes to that
between the separatrix and the geometric axis—is a key measure of efficiency for edge-current-driven spheromaks. With the new, modular capacitor bank,
permitting flexible programming of the gun current, studies of flux amplification under various drive scenarios can be performed. Analysis of recent results of
pulsed operation with the new bank finds an efficiency ~ 0.2, in selected shots, of the conversion of gun energy to confined magnetic energy during the pulses,
and suggests a route toward sustained efficiency at 0.2. Results of experiments, a model calculation of field build-up, and NIMROD simulations exploring this
newly suggested scenario will be presented.

IWork performed under the auspices of the US DOE by University of California Lawrence Livermore National Laboratory under contract W—7405—
ENG—48.

CP8.00040 Measurements of spheromak formation and field buildup at SSPX using a double

magnetlc probe array , CA. ROMERO-TALAMAS, O.0. OHIA, R. JAYAKUMAR, Lawrence Livermore National Laboratory, Livermore, CA
94550, SSPX TEAM — A specially designed magnetic probe consisting of two linear arrays that measure Bx, By, and Bz, is being used to investigate magnetic
evolution during spheromak formation, and during multiple gun current pulses on top of a baseline current at SSPX. The measurements reveal that at the start
of each pulse there is a time lag in the magnetic response of the closed flux region, while the open flux (intercepting the gun electrodes) responds immediately.
This is interpreted as the time to build enough helicity on the open flux, before reconnecting and adding flux to the closed surfaces. Magnetic reconstructions
after pulsed buildup using CORSICA show good agreement with the data. A code that simulates the magnetic field from current-carrying flux ropes is used
to reproduce the field measured during flux buildup. The code includes an optimization routine that finds the rope shape that best fits the data in order to
estimate helicity in the open flux. Work performed under the auspices of the US DOE by University of California Lawrence Livermore National Laboratory under
contract W-7405-ENG-48.



CP8.00041 Stereo Imaging as a Diagnostic in SSPX | J.C. ORTIZ, CA. ROMERO-TALAMAS, Lawrence Livermore
National Laboratory, Livermore, CA 94550, SSPX TEAM — A stereoscopic imaging diagnostic to provide three-dimensional information of plasma behavior
during spheromak formation is being designed and constructed at SSPX. The diagnostic consists of two convex mirrors, macor/stainless steel mounts, a high-
speed camera and a telephoto lens. Using a titanium adhesion layer, a thin gold layer is applied to a stock lens providing greater than 95 percent reflectivity
at 650nm and a wide field of view. The mirrors and mounts will be under vacuum while the camera and telephoto lens will be located outside the spheromak
chamber. The high-speed camera will view both mirrors in the vacuum chamber and provide two images per plasma shot. Each image will be divided such that
each mirror will comprise one image. Software will be used to overlay the images to provide a three-dimensional effect. The depth of objects inside the flux
conserver can be found as a function of the overlap of the two images. Work performed under the auspices of the US DOE by University of California Lawrence
Livermore National Laboratory under contract W-7405-ENG-48.

CP8.00042 Ion Doppler Spectroscopy Measurements on SSPX , J. KING, E.C. MORSE, UC Berkeley/LLNL, H.S.
MCLEAN, R.D. WOOD, J.M. MOLLER, Lawrence Livermore National Laboratory, SSPX TEAM — The Sustained Spheromak Physics experiment (SSPX) at
Lawrence Livermore National Laboratory is performing experiments pertaining to formation and sustainment of spheromak plasmas. An existing high resolution
lon Doppler Spectrometer (IDS) has been reactivated to measure impurity ion temperature and velocity. The IDS is composed of an Instruments S.A. HR 1000
Czerny-Turner monochromator with diffraction grating line density of 2400 lines/mm, which allows for first order spectra between 300 and 600nm. Combined
with a 16 channel photomultiplier tube assembly in place of the output slit, a spectral width of 5 nm over 16 individual time-resolved spectra is achieved. By
observing the Doppler broadening and shifting of Olll and OIV lines in the plasma, time resolved ion temperature and flow information can be investigated. As
an added check, a separate Ocean Optics HR4000 spectrometer is used to obtain a time-integrated spectrum of each shot, in order to verify the presence of
oxygen line rédiation. Work performed under the auspices of the US DOE by University of California Lawrence Livermore National Laboratory under contract
W-7405-ENG—48.

CP8.00043 EUYV spectroscopy on the SSPX spheromak , JH.T. CLEMENTSON, P. BEIERSDORFER, R.D. WOOD,
Lawrence Livermore National Laboratory, SSPX TEAM — EUV plasma spectroscopy is one of the diagnostics used at the Sustained Spheromak Physics
Experiment (SSPX) to study plasma impurity ions. SSPX produces hydrogen plasmas of densities around 10'* cm~3 with peak electron temperatures from
10 eV up to 550 eV, thus covering a broad range of plasma conditions. The diagnostic consists of a grating spectrometer with a field of view through the
magnetic axis at the mid-plane of the spheromak. It employs a spherical flat-field grating, covering the spectral region of 25 — 400 A with a resolution of 1 A.
The recording of spectra is done using a Photometrics CCD camera. Several charge states of low-Z elements have been identified, notably B, C, N and O. Of
the heavier elements, Cu and Ti are found in the machine, again in a variety of charge states. We are exploring the possibility of injecting metallic compounds,
such as tungsten and iron, of interest to fusion engineering, atomic theory and atomic astrophysics. Work at UC Lawrence Livermore National Laboratory was
performed under the auspices of the US Department of Energy under Contract No W-7405-ENG-48.

CP8.00044 Correlation between gun current and ion temperature in SSPX plasma, E.D. MEZONLIN,
J.B. TITUS, J.A. JOHNSON Ill, Florida A&M University, Tallahassee, Fl, J.M. MOLLER, E.B. HOOPER, H.S. MCLEAN, B. HUDSON, C.A. ROMERO-
TALAMAS, R.D. WOOD, Lawrence Livermore National Laboratory, SSPX TEAM — SSPX diagnostics include ion temperature, Ti, from a Compact Neutral
Particle Analyzer, electron temperature, Te, from Profile Thomson Scattering and time resolved soft X-ray ratios, and electron density, ne, from CO2 laser
interferometry. We examine the correlations between these parameters and the SSPX gun current, in shots with multiple pulses of helicity injection. The
measurements show that any increase in the gun current in an individual shot coincides with an increase in the ion temperature and a decrease in electron
temperature and density. We also notice that an increase of helicity injection from shot to shot seems not to affect the ion temperature but influences greatly
the neutral flux. This may be due to high gun current, which opens the field lines allowing more ions to escape confinement and then migrate to edge where
they can interact with the neutrals. Work supported under the auspices of the US DOE by UCLLNL under contract W-7405-ENG-48.

CP8.00045 Correlations of Turbulent Magnetic Field Parameters with Electron and Ion Tem-

perature Measurements in SSPX Plasmas! , J.A. JOHNSON IlI, J.B. TITUS, E.-D. MEZONLIN, Florida A&M University, J.M.
MOLLER, E.B. HOOPER, H.S. MCLEAN, B. HUDSON, C.A. ROMERO-TALAMAS, R.D. WOOD, Lawrence Livermore National Laboratory, FLORIDA A&M
UNIVERSITY COLLABORATION, LAWRENCE LIVERMORE NATIONIAL LABORATORY COLLABORATION — A new approach to turbulence physics pro-
vides a new context for turbulent diagnostic parameters in SSPX magnetic field fluctuations. Using the diagnostics for: ion temperature, Ti, from a Compact
Neutral Particle Analyzer; electron temperature, Te, from Profile Thomson Scattering and time resolved soft X-ray ratios; and electron density, ne, from CO2
laser interferometry, we can now study the impact of variations in the SSPX helicity injection during a single shot on magnetic field fluctuations. We will report
on changes in the complexity, changes in the rate of energy transfer through the various lengths scales, changes in characterizing fluctuation frequencies along
with changes in the turbulent energy in the magnetic field fluctuations for a variety of shots with special attention on the relationships between these changes
and the helicity, electron temperature and ion temperature determinations.

1Research supported in part by grants from DOE and NSF.

CP8.00046 Correlation of Soft X-ray Emission with Thompson Scattering Measurements of

Electron Temperature in SSPX" , b.F. MONTEZ, B.F. HUDSON, H.S. MCLEAN, C.A. ROMERO-TALAMAS, R.D. WOOD, D. CORRELL,
LLNL, SSPX TEAM — In an effort to measure time-resolved changes in the plasma temperature over the 100 — 300 eV range, soft X-ray photodiodes have
been installed in SSPX. Two sensors with different quantum efficiency versus frequency distributions are aligned along a common chord tangent to the magnetic
axis of the plasma. Analysis of the ratio of the two signals offers time-resolved insight into Bremsstrahlung soft